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tain time %h& r&t® #f iMietaiiag® &f mo-
l»emlar tramslAtloiyai @n ®m® Ijiftiwl ijst.o r©%&ti@iifti 
mi. Ti¥i»ali©aal »mmgy &n %Tm otii®jr> aad vie® treram# 
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3*©ta%i®a ftad viterafeioja is by %h» paatag® ®f neottafei© 
*«.f®a if %to®i3r' fip®ttt»ii®y ia ®m.on0. so t&at tii® 
©f m momti& ©ytl® ia «®*faFatel® to Ito %Smm eli»F®et«r» 
iati® of ®n®]?gy ®ir®iiaiig®a. Diapeiraioii axiS anomaioma ab-
•'Of*pti#m F®amli.». in a mmximw %& b® 4®a®rib®4 aabaatmantly. 
fto® rnmhimgm @f ©aaurgy b®tw««a aol«®miaF tjraiiaittti€ni» 
,«a# Tibrftfei^a ia t&®iwal atmilitorimii ia aa 
1 
• t • 
of a pFo®«»s Imomn m theraal relaxation. ^In 
general, thermal relaxation is the process of readjustment 
to thermal ©quillbrlua mad.® by any thermodynamic system UP 
the latter becomes displaced from ©quilibriua, 
m&»% iiipoi^wat %® &av# ©©«» m% &i ml» 
tfitaoai'ts rm0mw«hg im i% ampfliti iaf#.»atl©a r&gmt4lmg 
th» ivmMmmnt&t ®f »»tter# 
, 3p«l«#fe4#a #««%•: &r# ia 
aai platti® »0iiis «» mil «• la. 
Zm g»Mm «% m&m&t mnA'pmmsmm ^»mml -mX&x* 
afeioa timm &w» ©f tke ©Mer of microseconds, in litulds» 
st-roiTA}. Q'X^»r» &f smaller* «3E|»«rl.mdat&i 
lm©ifl»4g« 0f |>y©®#ss«» in 1« afuliftfel# 
from ttllrftteaie th@ fF«tm»a#lta rfttmirat 
tQT 11# f©!- tit® w>»t part ate®v« thos© that pres-
&n%%j ©an ba gaaaipatat., Wm Il.tmiia asi plastla solida fcb,« 
pi?©bl»» of ia-laypFalliif yalajcatiom i>fet®»©»«aa ta tawa ®# 
nolatmlar pr©«#i»aa ia 4iffl««lt baaaaaa %h% 
th»©ri»s ©f thaaa »%«%»» of ii&ttar mm ia a rwiiaaata^ 
Wsk9 •&§ raXanatioa ppoeaaaaa im g&aaa is 
baaaS tka aasmpti#m ttaiat %h.e trmMtrnw 9$ %Tm,sl»^%lQWBk% 
iat© y^tati^jaal aa^ vibralioioal. ^mrgy afeataa, aafi 
vim mm»0 ia biPQtt#t ateemt fey «®laeml.aF aolliaioaa,' Vsml 
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©f fk® iititkfeioa i« smm ia* 
fcliiiii - til# 4i»etts«i®a, «.% tM# p®ia% wi^ fantii mA iwiifi* 
@f tbt' .ai>oir« #©asi<tin?»ti^ as afftmr in tli® wain bo% 
- of th«- papei-t 
Rotational quanta are generally smaller than vibrational 
duarxta* aad molecules of much lower' speeds, of which there «i»« 
aomparativelf mjmj, are capable of activating rotatioaiA itate®# 
It $.» m fm% that rot.atiQiial,,Atja.t..©3 maintain 
©qttilibrliwi with translation .much mor© j?0a€lly than vibrational 
states <io. For th© most part relaxation @ff@cts in gases 
fti»is© aoleiy iimm in®ffi#t#nty ©f metmage ©f vibrational, 
and fewmalatlonal. ®n@f»gj at »©nle fjp©^#n®i®s mp to ten ®®g* 
asyel®® p®F «®eoafi» Whereas several thousand collisions occur 
on the avefag® b®fo»® ®qmilibri-um between translation...an«l 
vibration is restored, between ten and on© hiandred are ordi» 
n®3?ily required to restore it between translation and rota­
tion, Rotational relamtion has been experimentally observed 
only in hyarogen and nitrogen to date* In hysirogen the small 
molecular aoment of inertia gives rise.to rotational qmaat® 
Mhi^  are larg® e©^.ar®4 to m at »©®m t®ap®3?atw«».» 
fh® regftFiing exehmng® of-translfitloiial,, 
rotational and vibrational energy in gained fr« stm<Si®s 
of th® profagatiea ©f »o.mnd i® s.mp|>lw®nt®4 bf inv®«%iiati®aa 
In th#- fieMi ©f baai ap«@tr©seopf, ehealtsO. r®a®ti©a rat®« 
•ant leswltg ©f 'th® sp®stro8®©fi© .and r®a#tj.9a 
rat® mp9Wimmn%B ar® dii#®»a,«®€ %f aii®ab®3?g Fro»t llfS?) 
<»».  ^ m 
l!i mrirn* fhm® iiff«i? frm tfe® 
mltjpatoial#. tfettlii®# ia tfaat mm at F©l.atiT®ly 
M.#. tWBpeimtuwp##,. ito«r# 'riferaiiosiO. qpaatm itr® ®@i0|>ar®bX« %® 
l£f • fte® ©3E®to*ag® of traittisliitl©»&X, i.» 
fomfti t«ik® pla«® ¥®3pr wyiilj ia %x,pwMm%9f e©!* 
liile® ®f %k# 03p€®-s* aaity 0b«©rf®€» 
&bM9rw-img thAt high-speed aerodyn,amic flows of gat«8 ®r« 
.aff«®fe«4 W %h®wmA i*®la»ti©a ©ffeet®#- Wm%wow%%% (19%6) 
d®ir®l®f@<i' .an &®iPod3na«aile t»®©li2il^® f®f 
i?@I.axatloa ibia®#» M«®«mi?®»®u.ta ,s»d®' with ^ii t®®hiii<p® ar® 
• la good «gi»®®is®at with th» r®«*ilt» «f mlti*aa®iii6 a.%mai®»» 
E3^®i*ttt®mt8 witk itiEtmr®®'«aatea.® ®n® to Inwettigat® 
til® tfaaef«f ©f a»A .iriteatipaal «a®fgy b®tw®®a 
mol,®«i3.«» of €iff#f«nt 3B®l.®ettiiyp sf®#!®®# A gr®at »m$ laves-
tigati#iii ©f tMs %f|»® Itair® .aa#®, p,arti®alarl.f la diaper* 
sl®ii of aonjai »tm41®i# fh® r®«mlt» are staiPtlii^.# Ifel»©mi®® 
wfeleli i?«^^Jj>®' l«j»g® rafflfla®?® ©f. *itk fflol®©ml@« ®f 
t]b®i:r mm apmim to iia4®ifio irltoratlaaal, &mmgy t«a»f®r a®®€ 
nmstalm eonaiiarafelr i«»» t®lli»:iQ3a« ifitli'»oa® aol®®» 
ulai> S|>«®i«® f©«» fefai® tpaasfar t# ©©#«!»»• A ex* 
i^l,®^®f tlil»>ff®®t Is eaa® ®f tii® tot®3m®tl0ii of earbon 
dloicid® and wateff.aolefiiiljaa* WB,mms ©n® earbon dioxid® 
'moleoul® m#% tm«taia ©u. Wm mtrnwrnge almost one hundred thou-
Sand collisions witfci--@-il^» eapfcon dioxide molecules before it 
loses its lowest quantm,of vibrational ©nargf, .oulir abomt 
fifty ,©@llisioaa witfe watar ii®l®©ml.®a on, tli® avaapag® ar® »iif» 
m ^ m 
fieltal to vltoratiloaftl., ®»«pgf^ ot ©wboti <ii©3i* 
M®t f&« »1# ©f Mis-few hm^ is t© tlx® r««to3?atioii 
©f %M ®«te©n dio*i4«^ tmA to tliift tto.« 
region ©f .mltmsonie a®ou»tlc 
f3r«^®aei®»,' Imfrnfity »0l®iiw3.«i «ls©s®' ®ffe©t is • feo so pro-
«@%« &r« f»9f®i'^F®t t© as trace catalysts, 
®a.® rfiffl»i?tal.tel® f®&%mf® ®f ifeli®' tra©© eatalyst phenoMenon 
i« 'fe&at tk® »ol®eal©« l»v« average themal energies 
©f _ the order Icf, tnuch leas than the vibrational quanta they 
' dissipate ana ©xclt® so readily• fher®f©3P® si®pl® ®n«j?gy 
eoiiaii.«ipati@aa fail to provid® a satisfa®tojpy ieaerlptioa ®f 
feh® %r®,m 'fitfttalygt ®ff®©ti, fh@ phmmmsmmn i« rm^her pmrtf ^ 
wat®i*«%®®A*- fmthmw aa4 tfe®©r®tieal imreatt* 
gfttioaa of %Tm tfa@® ®al(alysi ©ff#©-! »®®» t© Is® yt&vwmmteS,*. 
B®®am»® tli«f«l ^rslaEatiem ®ff«©'fea play a F®i® ia gas 
dyiiaai®«, tlapy jm»% hm In t&» i®«i^ of M#i-
af®®A aiy©3?af%, B%mm th# awwe^ of tb® Ad^tm 
aojgaLJlfflmitfe®® tm baa af#itao#®d aa 
aiEpariasatal p^tQ&em at I^wa Stat® i@a.«g® %©• atedy ^«al 
x»®la*a|}i®s ia ga» aimtep®#*, fto -aal®!* g®al mt tliia mmt i« 
to r®aoh a fe«-tt®i? wa€«r»feaaAiiig ©f %&®- pa»ft3.«miag tfa®® eat* 
alyst |»»©bl®»« 
fb® initial fliaa® ®f th,® X@wa Stat® pm&tm hm» ^®®ii a. 
stmdy 'Of eolHai@» typ®« Fta-peaaibl® f#i? Tflto-frntl^aal ®acel» 
tatioa in aiaEtw®*. It is ttot® ptMPpoa® ®f tM# fa|^«r to raistort 
this lf©3ft. 
• I * 
fli® ©f spslaxati-oa timm from mmm.*-
#f th& fmtmlty &t &tos©rpti©a of &mmd «ii tli® ©al-
©mlatioa, trm thrns® ^i?«l«iiti©a timmHf of th# mlllmim llfs* 
tiai»«.df mew& it&t##• 4®p«ttd witt^sily @a « 
to©ifl®€g® ©f tjp«« ©f #©3.1i»i©as, nr® f'ttSii-osEialbl,# 
f©# «a@a?ar l?raa«f«w* Stm4t@» in fw«- gus#® tliat 
tevoifiag Jmst %m& 
ar® pielm%pA%jg. -if' act i*#sp©n»i.ba.# f#r tk» 
©xeitatioa «aii di8«ipii-%i@s. ©f ^ttoratioaal mmest ia 0©lJli»losa« 
m©3.#©til#s ©f tb® ifiM® st«©i®»*. lafrtfdtigati^sis ©f tl&e 
©©aperatiir® ©f Aembit# siiii tripl® eolligioa® b#»» 
,»©l#@iil.®« ©f Mm €i£f®mnt Mpmtmt fa©w®v®i», mi*® 
tie&ily is:©a-®3Ri#t#»%. It 4« l^i^ ©i*tast ta e©«pai*lBg t&® 
.ati¥® ®ff«©tiif«ii#i8 ©f dilT«j!»@a% t»i«. ©ataCtysts t© to.©* If 
it»y ©f thm aetiwt® ©^ dif»ip»t« TifejfittiQa&l 
ti'ipl® e©ili»i©a»#, i@3.ll«i©a# ©f ©M®r., f©Ftmat®iy, 
mmr m i3afi»®«pi@attf ttot®y a#®i a©t &#• 6©i3fe»ld@r«t# 
toej^«pp3?®tati©n of practically all data ©n gaa mix* 
tmras to dat® ia based on th® asstxmption tb^t only d©ubl« 
©©lliaiona ar® ®ff®etiir«. i03^p«j»ati'r#Iy 3r®©#n%. «3ip®Flja®at* 
©©aductsd by feekaa a»d Aybmi? -ia aiEtwaa with r«la»^ 
tivaly kl^ ©©aeaatfatioBg ©f tii® iapof'ity iwl®©mi.®# p©la%; 
to th® poaaiblt' i«p©:ptaa©« of e©l.tiai©ai £a mix* 
%w®a# aa f©lmt»i ©mi by Walk#? It waa f®lt tMa 
matter i?® i^i?®i #3ip®r4a®iit&l iaip®«tigati<m« 
F®r tb® at»dy r@p©rt®d ia ttoiis tfct® taalaml^® of 
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II. WflW hTiMATWM 
S«Tr®r«l toftiyiii papsft feaw ap|».#ar®« ia fefei# past Immtjo* 
iiv& f®aFa €®»ertlf:!tog %li@ aiid Mm esq^mSu^ntml tmk» 
ntf^m aud pmWk%iSt of «l%i«&i®ai© itiati©# ©f m» fr©p®i?%l.tt. .©f 
g®it#0m»i mi. •©tit jwittftf'* {lfl|.4| heltrnm that 
th® stitl# ©f ii«tiiritf • la 'ttitrftiieiil.®# is pfotoafelf omt 
@f pr©f©rti#» %® £a©t««»« ©f teiiwi«4g# ©f Uh# fmi&seat&l 
p»piirt4#« ®f Ka%t®r iliws fai» g»lm#€t tli« fruits «if 
tfe© ©jcpirlaeiital^ la alt^ai.Qiaiis. Iiaifiag a|»f«iiy®d %&r§m%j 
la ih# fi»at%l«al &pfli®aM©a« to a«taXlffir®f#, aiid 
biology# , 
••fli®r®. several fla® f»fi®if« .aiai l>&@ks nv&ilatol® foip 
oi?l®mtati@a to tk® fl®M of -^l^tritsoal®*#' ^fh® ^?i«if« of 
lloliaFis Clfjf) «uai .lltt#!. aat tk® tooofei ©f Bofgwaaa 
imi fifoiiiftsi* (1951-) «r» @«p®®ially 
to mil p«tp#r8 of lat®s»«st ©a tfeaiwsl, s»®i«i»feloa 
|ili®aoiB®iia ill gas®«|, «x©®|it tto#s« aiiaee # «r® ©oiat&iii®4 
iM %h® alioir® .WQPk»$. 
fh0 pmtm of ilt®»tmjp® lis tfeis' pa]^®F ooasiats for th® 
piypt of • a €mf lieatloa of tfct# aatoriai la mhm» 
BQwems wMeli. 1» soessaw^ for an «ai®«t&»€iiig #f tli®. 
]^®rl»«»t» d®«@rlfe®t li®r«im, Firatt it ia a®#«##aiy to ©on-
si4®i? Hiplafiy tb® t&®o^ of mmi& ii«p»raloa, fii® results 
"of,.-this • tli®oi^ ar@ .©npfeaaot In t©ms of thermal relaxation 
'timas as paramataps# To determine the relation between 
' ml&x&tion times and molecular 
.. prolblem of the theoiy of tlierjiial relaxation phenomena. This 
. . p3?oba.©a is considered in tii® iiscuasioa of th® ©©llisioa 
th.«o3?f of Titeatioaftl p-reteafeilttl' wliieM 
•Sa tfe® toasi* of %h@ eollliiioa f^laattlon tim®® of gaii 
mm t^«a 
ffa« -©aiperlJBieatel F@8mX%.« w>f pmwlmM 'to 
l3»otli pmr« m& gftsss mm im a ami th» 
int©i»pr'«tAtloa io ©f ,tli« •©©llisiuii is 
fip«»®nt«€» pmmnt -fek# »!«• .<if -
M pnx*# imi »i»i gmms^ In thm tia#m9.8#d« fin&ilj 
it ii m#«®»#ai?|r %© ta#3,m4» & teitf digr®##i#a ©a t&# problem 
of tfe® vilbi»«tiQiiai of g&a®#, 
A» ©f Soai@ 
• fh® . fEWiyatiti«» »!?• -aff#©%#€ Ifey Vtmmmt i?#laiiatioa 
af# t&# mlmt%w tfe# ®©#ffi6i®at ©f 
Ia--g»s®« »©wi. wloetti®*. »# ©©ffla»'i>3lr of tfa« oi?i®3p 
of meters p«F- second, fhenaal relaxation effects prodtic# 
• ^ . •r®lati"V'@lj- small changes in th© voloeity thvough. the ultra-
Sfiai© (tisp«rsi¥® region, of th& ord®r of 3 per cent in & typl-
cal'gss#'-' eiiaoges in'absorption, on tli@ otii@3? ar® 
moms p«Mdiitag®wis«» 
^ EaLpmMaimm. for t^®,. velocity «a^ eo«ffiei®iit 
i#ir®l#p®:d fipoa tit® elaa#l0®3. tTm&wf mt wmmaA pi»©pagattoii aro 
first pm»mMm€$ f&»a tli® @f tti®s® ©lEfresaioiii 
• 1% • 
An# t© ipslamatioa ©ffe^t® ar® a©%«A ^alltatlvalf aai 
,Ia t&® sang# im wkitli It !« m«®i In tfais 
pap#i*t Stat' gtaemllf ia tl^t. fisi#-# tto# t®fa '•elaasieal** 
t# alii asfatta ©r tk® thmpf i®«Bi a^Knapt tlioia ttot 
©a f^®3,ai(:a%i@s 
i# flaaaieal. thmm a#m4 .iig®p«gftiliiia 
Omly fetes® famtmrea'of t&® ©lastital,. ar® e®asld®p®€ 
wlit<^ fe®a«» a i»®lati©asbif fe® ttet® ®Xf®^ia®atal pi»@l>l®a of 
amkiag a««aw«a®iita ®f tli# v®l.©®lt|r '©f s©«ini aeemrafc® to on® 
p&rfe .Im Id^OCl©,* if partiettlaf-inta^ast ar® fell® lafltiaae© @f 
wmm of fittiti® •aplitmi.®, 3p®-al gaa -baliafiorii auol somd afe»' 
m :iim»li aaaamiNiaamta# 
iitimiplUi.- i,®i^v®g tli®- g®a®r&l iiff®r®atial ®%»&ti®ii 
fm til® f>*^fagatt®a ®f aomd ia am. iagtroiie &oa®g«ft®om». »#•€• 
i%i»« 'l&ia i®riirati3a ia batai ®m t^® aaauoi^ti^m ttet aomt ia 
tfai4«ltt«d a6ia|®Si.©8U.y, tia® ®iQi®#-lffleata:i f#3?ifi#al:ioii of 
ulaieto la, ateom t® t»® a3i©®|.l«at» 
li©ka3?t# tli®s ealealmtaa t&® •ffaat @a wioelty if tlie 
aeomati© .navaa ai»® ®f fiiiit® ai^itrnt®*; M m @f 
3*,!© 4®©ife®lLa». a j?«aa©i»bi® mmtmm. tm «itms®aie gmamttsm 
iri¥®ii witfa. a tm watts poiff®r,>.M® »hm& tiiat t^® ^aloeity ia 
aff®®i®i o-iily .ate©mt 0»QOS. p«r «®at.» »®gl®#tiiig tka- eff®et of 
fiait® :«a|>litiad®s 3,ifc®i.jr t© h& ®3!:|f®ria«ntallyp, 
tfet«p®f0]p®, h® d®ipiv®g tfe® tAlmiMg «3Epr®galoa for tJi® v®!©®* 
itj of soiiai iBi aa iaot^ropi® toittogeaaoma i»®dii» aa a fmetioa 
12 • 
of, tfa® pr®asmr« %h» f$ sai th# teusily p , 
v^=/'fP) + ('2Pf (1, 
U^^+UtI p^Cv • 
wte.®!*® 1 i« m# w#tibt itmi is tfc« h@at et-
pMity mm%m% irelwiHi f©*• %h« *@4im* Sbt® partial €«• 
ifiTativts «3?« ®val,ttat®4 froia iM» «^»ati#s ©f stat# of %h<$ 
mttiinA, 
For m. ii®al. gai# Cl) Ifiai® t© tli® familiar ®xpr®isi@a' 
tow ®©isi® if@l®«itiy, 
Z /p Rjr / Ro N 
ideal p M ^ C-v/ • 
iiii«f«:lQ i# lito® miv#.ys*3. ga« ^ #©iistaat pm mX^t, m& t is tto.® 
fati® of. th# eapaeiiir' at ^©mstaiit pretsmr® to tk® &«a.t 
mpmltf at ®oast&B% vmlmm %• Stt® %h&t t&® v®lo@i%3r ©f 
aomd is' im«l«p®iii®&t @f fr@®iiir® in am i4«al. ga®,« 
fla® ir®l#eitf ©f »@«w# is a, i?>®al. ga* tiff«rs tip&m. feto® 
Talm® ©ale«lat®i fjroa |1,), afeomts 0.^ p®y ©eaat fof a rapr®* 
aamtaliiir® gas at ata^spkafi® p:r®»siMiiNi, te®eam«« ®f its' d.«pa^* 
tm9 ir&m it®®! to®iiaTi«;f. A mm «3ia®t ®3Epr«»»ioa t&r tii® 
ir®l©eity i« ®fetain«i fey ©valmattog' t&®. partial t«rivatlir»s 
i l )  t r m i  a aor® raaliati® #tttati©n ®f tt«t®»- fli« van <i«3? 
Waal®' ®t»ati®a ®f atat® laai® t® tfe® follening axpraaaioa 
foj? tfat® ir®l®®ity, 2^ 
W  -  H - b ^  < ^ v '  M - 2 b p  ,  i 3 )  
a aai b to®ing tli® vm i«y W&&X»* mmtmta* f®iw« in ai^ 
a#gl#®t®t in 'dariviag C||. 
* US * 
of •©ale it wm 
tkat «iEpp®saio»s ft) (3) gm® tfa® wioeltj ia ga»®a at all. 
f3*«<im®a®i«f %k©t# so that fcM# wmm apppoaeW 
«<l til#. «y©aa fr®# paife* iMBmrptlm som4 wag 
%0. fjfsa l0«#®s i»® solaii' fe@ "fl®«altf md kmt • 
eo^a^efeioa* ffet® tateaaltf atosefption @©®ffi®i®iit} e»atl« 
:a9t®3?- hf S%©k«« aad Klrekeff ia giv®» fef 
liiar®' •• is t&@ ee»ffi®i®ttt ©f iri«®®i.llf # E. tfc® ®©®ffi®i«ot 
®f ©Qsaimstiftlqrf f felt®, a®s4e velooitfK, and i tto.® ioaie 
ff®^®»®y#.. ©laasieal ia a®t ngmltj «fpi?«©iabi® 
mtil.'fi^ -fa«a®i«a faa? m%&m tli® vrng®, tli&t ia* far 
afeov® 15»00© ®|r®i#s p®f» aafoaij ai»® F®ach«4# lot# tbat ®laa» 
aiaal al>s®i?p%i©m e«atta®%®i'' iaeip®as®»' Mitfe. tk« «faa» ®f 
%b® «®ai® f»®-ftt®a«y* 
^Wiaa aestui i# pr®fagat«€ tter&m#. m ato»©2Pli»g a«diaa tli® 
•ir®l®®i%y pmp&giktlm is affaet®#* 1% i# i»p®»aiM® t® ©te* 
taiB ®»®t • ®jEp3.ie£.t axprsasidiia im th» mlmity or 
atoa®i?ptioa'eeafficieat .ia tdaia.aaa®.. laataat# %wo si«3.fea«» 
a®oa# ©^patioma iiair®iiriiy|.. ®a®li ®f fcii® faawtitiaa 'ai*®' ol>taiu,®i* 
eonaid®!* til® ®f:f®«t of 8fei©:i^ .ti®s m tto® ¥«l,®eit|r -anaiyt-
i©aSJ.y» imgia® a j^lm® |j®3?i©ti© aemd wmm aagalai? 
f^®qii®Rey. CO ia mowing ia tli® • f©»i1si¥® x ii-3P®®ti©a wiik i^a® 
ir®lo®ifey •? 1i3ap©ttg|i aa al«©rfeisg 'aadiim-* I»®t ^ tli® -ais^li* 
tmd® ai>s®»tfci@tt e®®ffi©i«at pmw ©«a1iia®t®i?t % fcia®* and A 
feh® Q» fh9 dls]^%&&mmt j 
0f ft. im tti« i» glmn lay 
, . ^(3% iu)(t-^) i, = 
f - A e  e  I  L U . Z i r - P  •  « 5 '  
An a^iTdlsnt axpraialon ter ($) la 
i j - = A e  ,  C 6 )  
fg if It €@^l®s glitm If 
= .  (7)  
r«a p«r« of anT th. ratio of «h. ia»ginary part 
to %&«. part ©f sr® ©f pa#^i@ml«3p' liife#r®»%#, 
,2 _ 
= 
i\ -
«-R v/  <8> 
(1 + ^ 
/3V 
z UJ 
/S^v^-
LU®-
u;2-
atid ' 
I.g v/ - ,., 
R.P. 
tmr- *®l0«i%j of to mh$0fbing »®€iit lup® 
ta g®ii«i»«i ®o^3.e3e, aiilt (9) aad Cfl Isi®* 3P««A ^s# 
aai tb® iaplitmi® ©#®ffl®l®ati ^ eaaa' 
fe® fomfi -f^a. att^ «x|>^®«#iea»,» 
g^3p®«#io* IS) and Cf I §i,m sot tfe® ®al,|' mm wblefe ©an be 
fomt i»®iftfelag f, .aai F©^ @*®^X®, gis/u^w. 
But i&) an# (f) lu?® p«:pti©al.»iy fm immwMhtw 
^ < i • laid t# &' ir®j?y g®#4 f Ipit 
• If • 
\l^ - RPV^ ft*yl /a _ Vc f1A\ 
. . c «aA ft' ZM R.R. Vc^ • ^ 
f&« ©afittttd® rnmpptlm f iei#at (3 i« %© Ijii® 
jyat®n»it/ ato»©iTpt|.«jii oC'' by oC^ZfS » l»0t ^ 
1s&« Mtftasity «fei«irp%t®ia pww naf® fk®it 
JU = ocX - a»i ^ = ^ I /^=-^ • iXk) 
•0m®' of %h§ M^#sfe wwXnm of JJ '• teem.ia 0»% p®f m.m Ittsagtli# 
'fto® ©f ftfes»pfei@ii m tafe# fsloeitf 1« hj (8)* 
fh® r®a1.. part ©f fg^ is a fmotion ©f tb® tftipey&twet tk® 
pF®t«t»®, mi 'eMirat-tierlitt® of tb® Am p 
®fp'TOaehat «®»., tb® phas®' A®p®a4s ©aly ©a till®®®.. 
If ^ 1® Hi® m»3k Fteas® ¥«|0®ifej is 
g3?©at®ip^ tMn tfeitl; 'iiilemiat## fer t&® m®€im, ais-wtug i% t® li® 
hw til® • 
•• la, f®a«3?al.f i.® in.® to h&m ®l««si#al .smi 
j*®Iitj»ti®ja ®ff®®%s, thM% .'Ist 
OC = OCcu +• O^RELAX 
tee®ft.®t ®^t.#®»®l|r fi»®.tm#a®i®«t fe#*®ir®3?» eimssieai 
®l)goa?pti0ii ka®. a®gllgl%l® m ®®ai.® 
&%mBiml mpTmBiom fo'r tli® a® Ct) (3)f 
4o m%' Bhm m depesadiea®® ©a. «te®o,f^lion. la tli® dl»i»®r8if® 
r®gi®& o.f g®tt®a tktmil. i*®i®jc®%i®a phmmwmm, 
Mmrnvm, &fe»©3?ptioa t« ®*i9»om«0 mO. ® ®ff«®t i» 
ua t'km wmtmity* Kwm fm tlii# eaa#, ii©w«ir«i», th« 
smXX* Wqw- /J t^aa^ t® 0»% f«r mm tli« 
a^F» TOot of Ife# F®ml f«t of €iff»r« fri« 
|shya«# ¥#3.»iiity 1»5 ia '9&&m 
A8 mULI fee f©tat®i ®ttt wbs®qu©ntly,: d#t«,iwiiiafei.o3a 
of t&©»&:3. tM## t# &ii *eeu3?a#y ©f « f®w f©a? #®Bi 
ffim ttltMiimi# ?^t3.@#i,ty ©aM.® fojr •«! 
of ate^mt-oa® pwt in tin*#® ia m««® 
It i» t© %®k® of r®al gaa te«ltafi©r .ioad tli® 
of ®%i®:rp'tsioii #m tli® T®l.©«lty'fer »mh 
syat it if qttit® #af», to m0LM:&% tim mttmt ®f ftiilt® lasipli-
twA&s mt i?®aaoaaW2,® pmm th& -rrnlmitf is ^&ff®©t«d 
hf mlmmtlm itt the of a f®w p®i? ©®at,» 
aad 'if i« tlii® phmmmom iifetelk-«ill fe« •®®a«i4«r@A a®«t* • 
Ja- ®« W# til® fiffat fttt®mstie ist@i^ 
Mm fmmi tlmt vti^elty #f «omi ia ®«i»boii. 
4lmM» i»©r®®s«® Willi. iae.j?@®®teg fi»®.fa»a®f wer ®. tetai ®f 
wi«®». &® aiiil® @f 
ill® 4i#p®jNi4w® m0Lm fey ?i®p®# w«.i at it f3p®-^®m«^ 
of mMmt I# ©y©l.®«, .p®r .a®®o®t* Smb#®ta®mt iawitlgmti^m® 
wttfe pmw m^hom ak&w tliftt tit® »i€41.# ©f tli® 4i»» 
p@jp.iit® i»®gi©a %im at <i@ii»i4®*»®lily low®!? fiNsn|tt«a@i®« ia tls® 
p«r« g«»» Qmrnmrnm^f Afe®!!.#: -and ti®l.ia®t«i». uad® •©t&®3e «m»ly 
ftH-eeity &ai ia • ©ai%®a diexii®^ "B'®.f'i* 
m %*f -m 
aufi t&«t tli# mhmowption i» 
iilMtsft « temiF®i t'ilM#® fe# tla«ai®al f&la# i>3?®ii0t«<i' tei' (ii.) 
la th®' aid<Mi« ©f fcfe© fe*ai ®f in ¥©l.©«ity 
©©©ar®# dlMaii&tag at m& lower 
frt-tpmelai# fto© *bs®i^%ioa Is- is® gwmt fekat fr^pagatloii 
/ mmp &;fli»%aae# ©f tk# 'OMtir ©f ,!.§§ i» v®i?y 
f i©i^t • i» tb,® atidt® ©f 'lit® dl.«p«r»iir® i»®gieii#. 
«3^1,ia»feioa jfea? tlii® ©bs@rf®i diapers i®n ©f tli® f®!®©* 
ity and fch® afes^Fpiioii.ifai.,©ff®i»®d l>y l®rKte|,d aiid 
it©® in 1928# #mgg@«%®d th&% %h.# failai?® tla,® trim®-
latioaal and ^ifera%t©iiiA «#rgi«a ©f gas m&t%mCLm to ia»|jataiii 
tfciemal aquiltteipiwi wifefe ®aete ttb®r »%• lai^ ' 
•fa®a@i»« mg. i»®ip®astW®» • 
©©maid®^ a gaa of |j©lya1i©»t© iB©i®eml®i 
•at a 'Im rnmrn^. s# 'tfeat electronic ©.u®i»gy states 
m® not activated^, loit mmmm gaata fnlitll tht* r®.#iir«a«at 
at .and/eoaslderably abof® -room-t®ap®3*atiar®s» Si® eentrifemtioa 
t© -tfe® «»®r|g'- ^eontent of gases du® to »®i®®«!lar diasoeiatlon 
oi^iaarlly- d©®» mt h®mm aptraalabl® aatil temperatwi?®« 
b®tif®«ii t§§0%. moA 3®^% &m mm}m€g. aad tM® eaeriy ^e 
^ tli® ®l.«®t»»i# ®Mifeati©ii tfet® afe«s la a®Mi» is^orfeaat 
h9lm 5000®1# fh® endrgy of' moat •f@i.yat®al® gases at room I 
t®^®rat'ur©s la therefor© composed of moleeaiar translatlonji 
rotation and fib ratios,*. Ito»ii a state ©f fefeewal «<pllteim 
^exiafrs the smomt of energy partitioned t© eaeb. of these tte®® 
'type# is a fixed, fra®tio» of t^® total emergy of tla® gaa« fh® 
,^8 A 
fete®# »© in general. iia#-qpalt and «i»« tm 
/ 
the «-f»llifeidw ®f ft .gii# is npu&t it tlx# gna is ; 
or laitinl'If, mli the mid#! 
fey Um%'iM$ m^pmm m mmm* 
mqntxilihrimti^ ^ia Ife® mmma fey %hist #^ifiii*titi®n 
is ap«»fe©a?®€, !>••• 
i»t© i»©tatiott fibir«ti©ii* If %h» $m 
%B «##•» Tilii^iiticiml emr^ 
mms% %« Mmip&tM tat© twuaslJttifmiA \mmr^4 &»««• fti?® j 
iml pf©««§##«• iaa«^' tifei fh^ mrm %mt» 
,»i®©ml.itr ©©U^ifAeiit m% ia «iEti%.i»§ mi Mmaiprnting 
rot»ttm ma -ttbmtimg tli# i®ag®j? ,tij@ tim *111. 
l«iaititti@» ^mmmm al»Q«% imrn^^intety p3roi#«i nitJa to 
taqpoamiiaH tim® ^rnf m^mm* »t® '*% wMefe #^milil>i»itt», 
i® j?®i«tjfefe3.i«fe«t is s«Bir®al,®atly mzpmsm-^. ta. ttfwi ©f a 
•farisi^fc®!? k»©i» m %M mtm&tion tim:* Ii-i» tli® tiss® 2P®«# 
•^ii»»€ far iispa»a®««®at tmm ®fttilibrim\t©. t© 
3,/® it« iaiti®!^ Taltt®^ ©• be-img fek® ©a»« ©f aafemi*®! 3..©ga» 
Fltlias* • ^ 
\ 
®y tlwtu& ©f fell® moMmg pm&mmM by \ 
ttoiy :fti%®i?aat® muM 3?ar®fa®fei$a«, i®«ad wmrm ©«^. 
ap,s®fe Mi®i?«a3. ©tailiteim la * g«*. 'ffela-will i»ft®aa it thm ^ 
p®ri#(l ©f .fyel,® mt m^mmtm aad. wmmtm^i&n 1® 
e@»p'®¥abl.® to tU0 ^kmwmX w»MxmMm t.ia® &t %ti® g®s« tim®s 
ia %b® #f ai«3?©»«#©at» ar® ©oaBKHodlf r®tmi3?®4 t&r fete.® 
m 19 •* 
viferafelQuai m&rgy of gaa t® F®a©li 
%.3P«aiiliitl®B -ail# .i«®t«tl©a» Afe f:r«tminiei®s ia fels# mAm ®f 
««gft©2r©l.®.g peer »«eo»i th& p«Fi©4'of - aa aeomsti® ey®l© b®#©!®®* 
©©ipfti»&b3.# ,t© vibr&tleaift'l. ti»@ of «a0fe a iiis«^ 
^a®xt Mw fefe# «@al# is aff#©t®4* 
fit® upm hm&t ©aputifey 
as A©wa in' (J.I# .{t) «a4 C3)». 1^® 'liemt #ii.pa©itf i» ©fetaiis®4 
fey 4iffer®ntiafelng %h® &m%m% &t-Wm- gm witti 
%© t#i^®rati3re* F@i* Wm typ# @f e@m9li«mti©% 
•eoiit3?ibutioas %&. % »« iittA# by ©«©% of %li« ttisr#® fomm ef, 
merg^, Thus 
^ ^TRANS ^Ror ^IB ^ 
Consider f ir«% e«a.« «@ai# fi»«-<ni«a®i#a 
«•# ,ao hi#i tMt p»y£®# <if m, «t#a.»t»ie #y©i<i is amefct 1#8«' 
^Iwi iri%^3p«ti#tti^ i»®lii3!«ti@tt-. %ia®» In this mm mil tk#\ 
®a@r®r aM#4 t© %h® gm X@.®tlly by SMmmmm' the 
mA »%iifei«iiii4 ©atrgl®# @f ®i® ©aiy, 
being iiia«ffi®i®afe %ia® b*f®i?®" Ill® ®©ji«iiig a?»®f®®tio«ui 
f©r 'ail Aippi?®©iabi® Wrn&Mtm ©f ®a®i?gy fi?« «xe®#« 
aM M^ftti©ii into Tibr&tioa fe® • fb® mer$$ 0.wm %p 
dmiPiiig F&r®fa«"fei©ss ie©i»®«i®8 tfa® fei»«iil&ti©iia3. mA 
Tim ®f a ga.« ii p:r©porti©n«|, %U® ®n®i»gy 
«1©in64 to m©l«®«2..fyp tfi«»la.t»i©» enly* ' Wm m giir®a ia®i»«w®n^ 
laf turn'&mWm% -©f th% ga»# tli@^®f©,r«, a gi^at®i» 
®liaag# -iii if aoi,##mlai'- tib»ti©a»- ar® mabi® %#• 
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• • 
•00»sii®r ipiafeitntlwlf tfe®' ©f tli» lagging vitejfa* 
tioaal, seat# wS©#lty* 
p®l»%-s. ©«fe • it) 11) need fe® 
h@ 0til|' by a@®#nati»g for. tl»® • 4«f®a4#a«® ©f tlb® 
eaf.a®ity -m tin® ii©at« 1» imfeTOdme®« %h» afiibol, • 
©ui t© p®pp®s@iife t&« ®ff®etiir® b#*t iapatifey &% aa aii.®al.«i» 
ff®tm®ix®y (JO g and-tepiv®® f©lt®i»iag halation $w ». 
whaiF® t# tfei® fibF&tfieiaal relaxation iSja® ©f t&® gai». la 
S«ia®ralt G- ii €iff®F®R% tm different iaa®## aiid la- git^ea-
ga® is a. fmetioa ©t tk®' pi^aai»® aad t«|^®i*att»«* iwb* 
stifemtioa ©f Cuu fm % ia it) yialdt aa ®mpr®«»l@a for tlfe® 
ec^lax T®l©eity ia aa ld»al ,g«a giiras by 
J I n (^0+u) (9' Coo) + t (c^-Qo)a)6-7 itm\ 
J  •  
For a fan d«r Waal*a ga«t tk® obtained' by 
ambstitmfeioa. @f {14| ia C3l i«' 
V i?.Ttp<b-i;) r.'t ^ (c.ti«'a?c«Ui.fa-Oioti. ., 
'vow M-b^ M-Zb^ cf- + * 
fil® ®oi»««f©adiag 3?©al fbas®. ir®l©#lti®a ar®, by appli®ati®a 
®f Ci)# r®t:f®@ti'r®l.y gi^m by 
^lOEAL M 
M 
aad 
•^V ^ _ ^oTr>l . n 
' IDEAL i + R, 
o 
0' Ceo 7 
® C/'+uy'S^^Cr^ » Clf) 
4 u . A^T- Co +a)V''C„ 
^*VPW M - b|Q ^ M-Zb^ Co'^+ 
fk« ia CW) iM} i» obtain#^ fr®a %m 
a"b.8®:jppti®a nfeieli i&r %Ms pwp®s» n««4» to b« 
immm. fe® m aeewafty ©f ®a3.f a f«ir ®eiit. ©a® ®jf 'Ik® 
iarg««% i»«lMEafei.©a *b«®3?pt£®a^ e©®ffl®l®ii%» to®m ii ttoiat of 
mwhmm tiimlpteld®, f©i» mM®& /J ®tttal« 0#% p«r wair® laagtk. 
ia ^1^® aiMl® ®f fe&« iispafaiv® f®gion,« ffe® iatensity ii 
hal^»i ttJk®f®ia m%wf l*f' waf® l®agtjfe®. f® ©ale^at® th® ato-
»®i^ti®m ®®^®ffi#i@iit froa ifH 'ttaia® {ll)» a aaxiwia ®r3?@r of 
®alj ®mt fart ia ais® is aai® f®r ea^laoa dismlpkit® 
/3 v^-
a®gi®®tiiig a»4 wifeiag: 
Appli®at;i®a ®f t© Clf) ji®Mt tli® •Jip2?»®®i@a t©r 
aa ii«al. ga® i®riwi by lieto.ai?4f aa4 ©ibli@'i»s, 
Ro ( 
/^RELAX — ^TTtoS- (22) Co(Co+R)^-uJ^^^C^(C^+Rj 
fh® ®©r^®sf@aiiag ®jtpr®®gi#a fm a iraa. t«r ¥aal®« gaa pp«irii®g 
an iffite®@®a»ai^ i»«fim®*®at f#r ®a2.®ml«%iiig 3 •• 
SEp2»««ai®at (If) aai (it) yieM tb.® ®li©m is 
Fig* !• f®f tk® T®l@eifey ^laypv®,, 5 ^a» b®®a »®fe ®tmi %® 
•rnity# 1%. it ©@aT«ai«mfe to aeomaii® *®3?k feo ma® t 
w&%hw %feaa » as tM® ate««ia$a# §©fca?®a ar® %li®a ®tm8lly 
apaaftit al.®ag t^e al»sei8«a, 
!^« rami® fip»tti®aei®» ov«r wkieto. tk«WKai ralaxati®® ia 
®ff«®iiir» is ¥®3?y gf®®!# ^aag®a ,®f ^aioaifef tritli. fy«fii®aey 
®®®mi' feF »©F® tMan six fk® i»-b#aiity abaorption is 
>•> 12%. 
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FIG. I "SONiC VELOCITY AND ABSORPTION VERSUS 
FREQUENCY FOR THERMAL RELAXATION PROCESS 
*• • * 
wjt thxm fealf lt« f©r trnm mtmm» 
fflast %i mm«i.%%X0 %o pmwMi» mmammm 
'iwmttt #»«ii a #«!§• &f 
fHUip g|by§iii& %<l 
'b® given fey 
1/ _ TT Ro (Cq-Cqo) 
^ IVo Voo/ [Co(q,+ Ro)Cco(Ro-^-0]'/2' • 123) 
tfe# iLl#©i^t4©ti eo^i®i«at ^ it te %«»§ 
/M/IX »• * 
u - ^ . ^^l^) 
^ -e U)S„ 
i^i»® i* life® whit^ iiiatl«M 
%lm mmmt gi«'^ to? 
C o 
(^V^Coo * 
SiE®® Ste.® slsssissl. sSsdireS'SiEi SBfliSlawSii®' in®!*®®®®® 
ifitli %^® tqaar® ©f tfe® sisal.# «l.fMi#:t.-®®l. .®te»©ifp* 
%t<»i'f®i» mir® ,l«©i.tli :tm«»®«®t wt^ fspsfoaaaty^ #a 
® %mm t# til®- glww $M Fig# 1# 
®i« p®r'*rttv« E®ag^\ia to ii«p®wi^# mMtm 
i« »t4tai Ife® %i#® ©mfi-®®. t&eiiii, ©f ©©«»*#» 
ft®. ifki#ti' tb® i»f3L®«tt@» 'f#f 
wa®@ifey ewpt® A* 
CO - (s^Cco t m) 
- t6 • 
e©Fi*««poii44iag valm# ef thM mlmlUf l» glir»a toy 
o. 
m) 
m4. 4© ii®l ©a feti# mXmm* 
tl©ii tia« S- , tli« a«t eliaag# ©f .T#J.©ei%y tlupomj^ tfe# Maprnrm 
si*# r«fl®a ami %&« ««xi»ia v&lm ®f tfa® «fea©rpt;i©a mm9iM 
t«p»ii4 ©a %k® iraiia# ©f fete# irifej?alli©ii*l to,«a% &mpme* 
ity & iii.li«'®g«a «% ro©a for ®a»i^l®^ tb.® 
vlfeFftfeidmal, ®«p®»ity is a®t &ppmetmhXy ft®tiva%®4 ftat 
ai»p®y«i©a, ©f »©init ia m% ®bt®rr«€# 
•fli® i»«li««ti©a fe.i*» 0- #»t®iwiii«« iM i&ftt fi?«sim»a#y raaoi® 
tb.® 4l8p«F9iv® r®gi©!a ii®® mnA, fi»®<p.«m®i®® t^® im» 
fle«1sl©ii poia% @f fcb® v®l0@i%y tw*®-*»<! tja® ataicimm wlm® of 
®¥g©i^ti©a fall# fk9jmm iai«ffiei^EA^.e©lli»iM^8 ija ex* 
elting «ni 4i®»ip&tini m©3L«iiiljaii;,i|to44w»^te» grtjjjNflF i« 
wM©k •©Bi« €isp®r«tea,,tis^«»®* fii.® ih®p®s ©f t&® T©l©6£ty »iii 
l.©«ati®a a3.®ag fcto® ©rdlaat® asis 
&i»® iii4«p®iMl®mt ©f 0- ^ f&® ®xp®rim»at&l pr©tol«» ©f m®a.#wS^ 
tb® f®lai:atioii lla® i» ©sseatially feiiat ©f l@©&tiag feb® po«i» 
ti©a ©f th,9 9xapf99 ®l©af. tb® afe»®t»®«« f&® a«a®mr«m®ali ©f tfe® 
velocity 9% 9 tiagl® ©®ay«iii®at aagulap fi»®qwsey co ,. tfe®i»«foi'® 
i s  t &  p r i a e i p l ®  • « t f f l ® i ® a t  f e ©  , A ® f e ® » i a ®  0 -  .  W m m  i Z } ,  ( 1 $ )  
#a4 (If) It. mm %® showa tfeat . 
128) 
. m 
^ isas hmm s®t t© rnity. la of ©ota^i#, 
0- trem tSM-1 onlj if itr# %•© ©orreetioai 
&«iiig »pp3li#t f@.3? tjb« i«|iarliir« ©f fete# gftn f»» ii«ftl btimiridr^ 
laid fw'the 4»paf»%w# ®f ? fiP®m m%%f» 
^t»ae« ©at&ifit* %i»» &• * SK» 
fr»a®ioa» (tf.! mA iSi$) 9hm tfeat %hm «sd aba®i?ptioii 
&mrwm mm «M.ift«d t® i»i^% iM f ig. 1, to Mi^er 
•a.©$a«tsi® fi?#tm«o«i#«» In %li« aMt%i®a #f iwpurity 
ftl«0 eliangts M» % irad 0^* @liaiigd« 
la /^max aai ®tt»% fe# »e®oiiat#4 
f©ip ia ealsmlatlttg ^ <i®|* 
t#rtaia- safealyats ar® #© ©ffa^tiT© that t&af pi»oiitea 
aaaawafel.® sMfti ©f 4isf»t»tiir« m^tm whmt. %hej mm addat 
in mmw&tB so amli %hm% ami m* i«f% vtn-
eliaj^ad* fh# mwi afes@i»fti®n #tirr#a tfeas m%miM tii,«ii» 
oFigimai aliapa and l.e«ati#m along tba opdinata axia« ll@it 
traaa #ataly«% #xp«fi*»ata &»•« hmm ©©mdmefead msiat rewf 
saail ^ mmmx%M of tto.« tftfrnfitf' m©2.aie»ml«i«' a faat i»<issidax'«d in 
iyi»i»g th« fli«n©ai«it@ii* &ia. tea i»a®amaa tsfaia dia» 
faraifa raglon mi0.% ®%la#««irlaa tea aMffead ba^QBd frat^aaeiaa 
availalila axpariaamtaily, m %& air»ii apipiNsaialiia ©toaagaa ®f 
1, Cq and 0t» t© &¥©i4 in%r©dm#iag a aae©ad apaiaxatioa 
tisa* 
% lo ikia i^int it Ma liaan. taeitij aaai»ad %hm% tor a 
gifaa gaa, @nly »# ml-mmtion tima akafaetariiaa tha 
• * 
pre®#*#* ia rmm% •iip«riii«iit&3. 
«viA«a®« tto-fe .fciii,i mm,f m% always l»# tht mm» fli#or«ti®*l. 
@i wmM ti«t®jr«4©a w*® mtwaiiy g®a«jfal,i»«€ t© 
ia©lM® %li« -p^-ssiliiiity &t & wltlpii©!^ ®f irifer&fcioml p®* 
l&xftt'i®!! tia®#. a® Tr«l©®ity ®wir® ©f fig, i it tkoma %© to® 
iiTit®<i i«%© • S»«iuip«4 tit® ©wt® iat© ami* 
tips.® p®iili«., al)®rrKti©:M« k©««irei^# ar® ili^t in m©s% 
©a«»® ©f pFa«fei©al. iat®i»®st» • ©aly f«ry #ar®fml «®a#ar««®at« 
©am i®%®©t tb®]»* Wmt y®a.r® ®aip®fi»®m%«I.. ®TiA®ii®®' «&• . 
I»®:ii®ir«i t© p©iai5. t© »icigt®iie® of ©aly siagl® r®liuia%ioa 
ti»®« im all gas«s stiiii®#* 
1% ii b®a.i«ir®i. &% tow®ir«j?, %hM% tiff ©rent «©• • 
i«©iil«.3? a©i«s ©f yit»3pal;i©a, a*y p©®«oia 4iff«i?«at ]p®l.ft*&ti©ii 
titt®0« IMa i» m% ®%p®e%®S if 1^® vKoie® ar® ®ti>©i^ly ©©m* 
pa.»i« Wm am©!! a ©as® it is )$®ii®f®€ tbat i^®. vibfati©aal 
r®laxa%i©ii ti»0^ ©kiiFa©%®ris®® tk® ®x^^® ©f ©rner^ 
ti»as»lati©a ant feM® vifei?afei©Bal. asiot# ia a©ft raatily 
'tey ,a@3L«©ml,ay e©l.il:Si@,a»* tfe® mmSMmg «®t®a ai»» a©* 
lay tk«if ©©upling wilii, ife® fii»«%, a ps»©©©«is y^i&h it 
t©, m%m i»®laliir®ly rapidly» tmriag tli®. tim® ia vfeiek 
tk® w>l®©^® smataitts only a f®v ®©lli«i©aa» la©©upl®4 mod®®, 
©» %k« ©%fa®3? h&wif im»% imm&h »<|militei»i'wa wi^ ti»aaalati®a ia» 
4®p®ai®atly« la g®a®r&l, Mliiem&t •ibr«tio:sal »0d®» ai»® «x-
p«©%«i t© l»® «3E©i%®t witk tiff®r®at i«g:p«®i ©f ®ff®©tiv®a®®a 
fey «©l®eiilaF ©0lli»i©a», aai tk# «JE©i%m.t»i©a ©f »a®fe m©ompl®a 
a©i® pwaasafely ia eliaraetajpis#!, fcli®r®f©i?®, a iaai<|m« 
p«l«tati©a %i»®.-# fk# •ff«©tiT® ^eat ©apaeity f©3f amefe 
* tf * 
& e&S'« is givtm hf 
P = r +. 4- L ,.. 
^ 4. + Luj 0-^ 1.+ Luj(9'£, * (^9*5 
% i# t&ftt f®i*ti©a ®f %h» viferfttioBiil ©apaeifcy 
i^©#« ©f ®ainpg|- wilslt traaslatioa i« by 
r#imiEm%i©a tlai» <9^ #• «ai «@ &t itfl ia 
C2| lusi (3)^ l«ai» fe@ e©ipr#®p®ai:iiig •JEpi»«g#i@ii» for tfc® 
v«ii®eitf ff^m nhiA -bh# ^i^nl vt.leeifey' tad afei®rpti®ia 
e'eoffitidnt ftr® in losHiim®.!** 
t® pi^ir® tlNi ®icls%«m®9 of .miXtifl.® 
^alasmtion tSa®® as*® F@r aitpertiea 
iteuiift® ii^3.®®ti3.®:S nmst b® s®l®®t«t whm* m&4»» 
azii fF®tm®ii®ie8 &r« fb®t® «i>® km®iai tw ©aly ® ®aiAl.I. 
mml(®r &t wito®® ®tf>m®%^® is «la^3l®« 
ltlA©«i .JjivaFiafely f®i? tm®& a©2.®emi®g %h» ©^atfibatioa ©f ®b» 
iribapa%i#iiiii m>&m fe© %hm Immt tap&ttltf fajp omtif«i#iii ^® 
©©ntfibmll®® tmm th® ipioatoiag «®4®i» ^i® 4i®f®i'tiv« ®ff®#ti 
<sf fell® if«ate»r iMa4®» ay® greatly »iii»li®€ aai if» la fa«tp tk®y, 
ar® »Mi»a®t®fl8®4.- toy waitm® i»®la»i%i#a feia®®# mrm ripplm ar® 
pr®im0®i oa tk® veleeity ami ftto»03?|»ti®m ®mrr®» of Fig* 1. 
, S«®«»% ia*»«tigator® liaif® .f^«p«'i!*t®i otoiawiag, .mia©i» ato:# 
#oi?pfei®a f®a&®t and it®f».3.ils« oa tli® v®i©®ity emi"r®* 
fi®l««®i®3? il.^k-3} rep®**!® a aiiier abi®rfti®a paaii im ©arlsos, 
Si®aEii®» Alaxalit®!' mA ClflitI F®t®i»t fctoi® di»f«i'«i"r® 
f®gi®®» la a®etal€®liyi®, bmt la^Jfeas' ara# iialr®h.iaiaafayaBas 
p®iat mM mm% tfct® r®gi©a at lmim% fi*®tm«a®y i* 4»® 
• JQ » 
to am nmeorraetftd afparatms fiia iatt«r amthorv alt# 
ilatmas tlia airiiamt# f©i? ti#@ «• jp#gl©iii ia -m^hm 
di@3ii40t 4i«m3.pM4» *wi 8ms@l3niai«k mk& 
B&Mtm (lfi|.l) «»A« a@©w?At» valQeitf ^asmraaaati la ©ajpfeoa 
iioElda, aiiipwa o*14«, mm&im :aa4 mVhf% «tli#y aai r»i^3Pt«4 
mm foi* tw© .ralajiatiem tiwia im %Mm gaaaa# la • 
ae®*y?«t« ir®l©#ifey ami afea©J?pti®a m®a«mr#»»ats, thayafQr#, It 
i,i laportaat m% t©' ovt'rl©®te tli®'fetslM® ©«©«»«»©« of iti%e» 
tttp# dii 'tfe® ©nFfaa'ef Fig. 1# 
At ©a«, ti»# it wa# tk^na^t tliat tb® traasfar of anar^f 
batwaaa tha iiffaraat «««it««t atataa of a giiraa a®l«em3Lai» Ti* 
fepati©mal »o-<i« mi^t ba 'aluiraatai*!*## fey a «iil,tipllaity @f 
ralaxatidn timaa# I#ifav»:r# mu tlia l&aaia ®f a^ma raaadnabl* 
aaauaptioas about tl^a tmaatm ^abafi^i* of liam®mi# oaallXatoFa# 
Laaiam aiii fallal? 4aa@a8tratai tbat amab. aaargy trana-
fay a ai^a aliayaatayiae# l>y a aiagla faia3Eati©ii tla«» fliair 
tliaory la ®mtli»a4 praaantly# 
It la gaaa^allf feallafa# tbat- nolaaniar ®olliai©aa. aoa* 
atitttta tlia *e®kaaia» fey nolaamiar iPi&»atl®iia ara ajc» 
®it#4 aai. Alaaipatad* 11»« i?el&matioa tlae is thomglit t® 
.depaiidl ®a tk©sa paraMtars on whielit «ol®c«lar collision rataa 
depend, aai ©a tfeoa® parameters on whieh •vibrational axei* 
tation probafeilitlaa per eolliaiofi iapasnft. Of particular in-
teraat is tk® 4«p«Maii©a ®f (9- ©u praaatara aai taataratw®# 
aad tfe® affaets proimeai tliare^y ®s tfea Tel®®ltf aat abaorp* 
ties ©f fhaae t®piea .ara ©oaaidaraA next* 
• S3» «• 
B# eolllsiQK fli®oi»y of SiE©lfe«ti©a frofeafeilifey 
ill# *ai foim# tia® toaiti 
tor W® @f %im r»3Ati$m.' 
tiatois sctni® qu %h» @m 'tmS pr^tiiisrtt 
ani .©a %h.9 ®#at&la®i' 
im %hl» p&pm* Ito® id«st» of tiaiitm aai m<»m iafe®s»-
in •©*# toy 1®'^® aa€ t» « rmp&rt 
fop li*ife®<l hf tk® Balliiti® .E®ii«af<^ 
£«l)orat»®jpi®« ©f tto.® Ahm^mn fmwiMg .Mwyl«aiii, and t&«. 
^ii®m»«l«m of fela® aafclaatloa @f baldif b&a hmn too*»r©M«4 
from thm%, 
i* ^agaefeairtgatiem #f a. .My«a yitoraliioaal. «>i® ^tey a aiin^l.® 
g®l.aaaiti®«i ti«® 
fiaiaxatiQa pir<i®«aa«« ar® ®liaFa«t»yia%i® is g®a»ral, #f 
pfeyaiaal ajat®*®^ iiiil#i mm m% ia «^iitte3Pii«* ffe® aaalytieai 
t®a®rip%i@m of sya%@nii r®tmif*®a tk® iBtjr#te®ti@ii of tii»i 
aa am iiid«p®ai®fi4» faipiaM®* fMa ia «®®@«fXiab.®<i by maama ®f. 
iiff®iNiatiaJ. roaatl^a r&%% aqmatieaa# Oa® fsaati®© 
i» ifrittaa t® 4®a®i»i^« ik® trmatm ®f «a®3?gy iii%® and ottfe ©f 
®aek mwgj afea^® ©f %^® ay8t««. Im all, aa way raaetioa 
®(|imti®m af® writt«m aa tliar® ai»« ®n®rgy atataa in tk® aystam* 
fk® slamltiaa«®ma aelmfcioii ©f tb«a« iiffaraafeial aqaatioaa 
yl«l.ia tfet® tl«« 4«t®iii«ii#» of til® io ®a<^ a%a%®» fro® 
®or:r®ap0»ii.iBg F®laxa%iom t.lm®a east, to® id®iitifi®d* 
. 3t -
e©.iiil4®r a wml® ®f gas a©l@©ml®# ©f a wbieli 
foss#is#s ©a2.y Qm rnermX aot® mt viferatloa» la#% % p«p37«a«n% 
%ke ia tk« z&m9%h. fnamtm ata$® iribra* 
tionalt :MHil%a%i@ii f tlk« aii«b«i» ©f 
im %h* first, .axeittd Bt&tmp iE Mh 
sta%«» ai^L •#'' lib® rata «i|mati®ma of Ih® 
ganeral, f ow ar® 
-f io"! +••• -  (-Po, -^ ••• + 
ff' - "foi 1^0 •»• -Pjl ^2 + • • • + -ft, ";;,+ •• • 
= - f  n  + ' ' P « n  +  ' * *  —  
~0£' 'O ^ 'll "/ ^ vT^o ^ ^ y ' 'j 
(M) 
*tot®r® f£|. la. tla® |>r©l>«fetJ..i%|' p®r anlaewi® f>«r 8»ma€ ©f a 
tramafar ®f vihrntiomZ em»r^ freai tli® itli to %h» Sih qmntvm 
itat®* Bqmatioms C|0) &8a«mtia3.i|r 4«s®ri)»e rata® af «B®rg|^ 
transfer, for tli® t©ta3. ®a«rg|r io a gi-ratt siat® ia pr#porti©aal 
to tb® nml^ar &t mlmwlmg iM tiiat stat®* 
fk® a-oimtloaa ©f {J©5 ar® la g®3a®.ral ®f tfe® fo*». 
mo-fc 
+ ^0 £• +• • • • 
/I ^ +  C ,  e  - ( - . . .  
+ C, e  + . . .  
Ho = 
mot 
Aoe 4-
im,-t 
-
t Q m.-b B,e 
A Aj,e -H mi't B^e 
• S3 • 
©»f •«« &T& eoaitaati ©f lategratioa 
d«|>#a€ ©a til# laifeimi #f tte# b»« fi*©* 
rimf aa4 Isfci# itr® fmefcioaa^ of th« »£ 
edj?i?«ip©jfta# m i»®l*3aiti©a %tm# * wii«wi ^ s 
tlt»i»® SI*# la g#a»f«i as w»y «»« ai %U9m mm dfaatloas C30)* 
fh# tofeal vibara-feionai #»#rgy f©3? tli# m%» of gaa »!«• 
@ml#s imAajr #®a«'iA#ratiam la 
Evie-" 
ia p«i» aolaeni# ®f the l%h atat## ly 
viFtm# of {M}$ tsb# ^im# t®p«3tt«a®» @f g4ir#m fey 
B - v i b  ~ A 6  - i - B £  + C £ -  ^ - . . .  ^  3 3 |  
la •$mmwml.0 a anaitifilfIty ®f F#la3Kfc%l®ii. tlaaa 
womM te# %© «tjfcaa?aet®rit# %k® r«at©ifa%i0a ®f t© 
ita valm»« 
Bi® tb,®®ry ©f I»'aiiiam and faliar iat*if©(imii«a four aaamf>» 
tloma abomt »ol«#a3kar ?l.toralii@a«|, and l>#ada to a ma^li aiii<* 
fl®3p 3p®a«It, jtonaf®!** fhm flJ?al a*s«0ip%l®», fefeat ©aly a a,liifl.« 
mod® mt Tltoi'ati^a i&all to® ©dmaidaraA*' hm already !>#«» iD,« 
7eii®t« fb® x»ftaua.%8 ai»® aulia®tm®mtl.y aaay %& g«a®s<aXis® aM 
laad t© (;gf) iii«ja mtmw&l »d®8 aif® fla® #®©®»t 
aaamptioa la tMat vi^ralimg gaa mi»X®«ttl.#a aF® parf®#'! hMw*-
wmlut oaaillatora* AJtariy la aaamai thmt %Imi ®:£®itati#n 
of «0l®©«l.ai' flbyatioaa fey mtliwl&m ®m fe® aA®taat«iy 
d«»©j?>ib#i wi%fe a flfat @rd®j? eai®mlatl©ii, mia 
is r«ftS03iablft if pjr®Mtoilitj of ii snaliy as 
it usmallf i» for »Bulii5i®ag im4mw whiek iiap®rsi®B ®f 
BQWii. 0mm9n it is &3iW94 ^lia% tti.® »mtmi im%«z**; 
»@fei#a «a«#gy is & 3.im®«r fi»ei|i©a ©f %li« mmml ©oerdimat® 
©f tk« fUsmtiommX m^»* ffci» a»»«|>ti®n is Justified if th* 
anplitrnd® of fihmtim i# taail %q tli# raag® t^brom^ 
iiiii.«li' Wm iafeeyattioia ai?®' ®ff®«tiT®» 
»®jEt eoaiii®* tfe® a&%.ir.i3E ®l.®a@»%i #f %he p®i»femr1&«tiQm 
©nargf#. By fifte® @f tto.® »®«#ad aai tMri aaaisffl^feioia## tife® 
aatffix «i®a»ati-#f p#i'^wfe&%i®a' ©mei'gi' a.re pr®p©ifti©ii&l 
t@ th® i^tiPi* «!«»«»%» af tte® ij®»ai ##oMiiia%« 0f a hawoai® 
©aciliat0»,^ i0m«®<im«mt]^, ail i»trim ®l®att«a%« taaiab 
tk@«® f©i* wliiek imiliai and fiaai »%ali®f ar® a simgi® 
Qwaml» Bttmfeaip apai"*.* Ill® aatri* «i®a«s'l» tfto^ielt ®®rr®»p@m4 
to tp».maimw» f po« th.9 I to tJi® /^/ , aai fr« th® ^-f/ %© th® / 
tmantaa »%&%m ay® profortioiaai t© TTTT • fii® ppoteability of 
a ta?A»siti0a l3®tii#®ii two »tat®» i« pfoportioaal to 
tlx® ituai*® of tM aati»iJi. ®i®«®at», AoooMimgly, 
'?)i •'^la-'^s • '•'=" "^o ' •^(* "§2,* *"'='• 
fli® pjriEoipl.® of iotaiiat Itaiaaoiitg aM® 
o r "  
e i C35) 
wfeor® ii i» fiaaok'^a ©oaatant, U ii i©lt«iwma*« ooaataati, maA 
9 is th® fyaimaiiof of aoloewlay Tibratios.. »o sot eoafma® >> 
M • 
irltii t* Paw 4isp«x>»ioii df «oimt sti^ios 
It ii m««ii3.1y %mm %kat hV»^T. 
tliiua. QltAimiug. aolmtiomii te ijl)# 
it 1« mm %& (32) nad %© ia%#grat» 
(36) d-t / ^d-t 
M.vm%l7B last#®# of l»«tag ©f %h.m t&wm ot 03l» lyiij i» ikown 
t® ©a A itagl# i*«l«JEiitl©a tiia®* 
For laa«a@iii© ©#©II.1®%©1»» e^= , -itai 
41^ = hy Z X i%n 
dt dt • 
By yirtm® ©f til® aiiti®, ©©ataia® ©mly f®w 
dt 
ia gaaex*®! i|?| l»®©©»®« 
d-t ^ ["^i^+i.x'^1+1 •'i.je+i 
^4. ,xn,- .  n^] 
(38) 
t% tb#.% 
dE VIS 
dt = hV 
Vi - Z/^A^-' "/J 
4!^ = hv [ Z (i-i) f, , , n, - I ££ n 
CO 
• 36' • 
d£ VI0  
d-t 
hy 
CO CD 
2. ... n. -2 f. 
1-1^0 i,Jltl '£ fz, ""jL, 1.-I 
m m  i M )  11$), 
dEyiB 
hv* 
-VIB 
d-t 
tjEyiS 
dt, 
hv* 
hv 4;„e Z_a+i)n^ - /n 
1=0 
__hV 
•^10 -£V/(B) 
Ji=o 
(39) 
CO 
_ /i I  Evib =hv2 /n 
X^o % 
00 $  1  n .  
I'O 
Nr 
fe# mlm ©f tii# i»laa? irlbratJioimi ««* 
«rgy# % i« Av®gAto®«» df C3fJ In 
Evib — E VIB Ae (9- CilO) 
Isfa# j*«lmj£iiti©n tl3a« ^ i» 
i 
4»p#a€i o» a ?»3.&aE*ti©ii tSjw# 
fhue f 1^0 is tli« mvemgui- awl»#i» ®f tta®# p®? 
p#F that a aoltenl.# i» tk« fl^tt ©melted 
»tat« @f ^ifeFatioa M» ita irifeiratioaal asairgy •itssipatai., 
and f0|_ ia th® mwbai* 0f timaa par aolaeuia par aaaond tiiat 
a lioii-flferatiiig «©l®e»ia raealvaa ©a# fwaattia of viferatioaaj. 
11 
c+P 
I 
i  
M <5 04 
© 
•  « •  I  I  
S I 
'H 
4» 
t 
m 
r-» 
I  
<I4 
% 
I  I  
«• 
# 
I  3
I  48. 
I  
m 
a  4» 
*4 
i 
• 
I  3  
I  J  
M « 
^  I  
«» ^ 
I  
•© 
I  
3 
cc 
1 
«4^ 
m 
I  
i 
•s 
a  t4 5  
6  
I  
g  
1  I  4» %.• 
»4 « 
® u 
8  I  
I 
1  "  S n"' 
I  %» 
» 
*1 
« 4»-
I: 
g 
:• 
a  
I  § 4» 
3 1 I 
s 
I  1 1  
1 1  4» •*» S  0 
«rl |» -
I 
m -H 
s  s  i I 
© « 43 i3. 4a 
O 
* 
S 5 
•«l #• II 4» 
H •» 
s  a  
r 
I  
I  
« 4»-
I  
J  
t  i  
s  
<!» 
» 
i 
I 
« « 
. ©  
I  
.« 
t 
m 
1  
'«» 
J  fri 
J I  «  
1  
-«* i4 
« 8  
5  %4 
I  
J  
t 
tt 
r4. 
i  
.#4' HI 
s 
S: 
I  4* 
H 9 
0 4*^ 
4» 
s  
i 
I 
s 
« 
4^ 9 4» 
S  
^ I 
m « 
- t 
I  t 4» 
i i 
m4. 
s  ^  i I 
• ® 
u 
«4 
# <t4 q 
ea A 
I  
fl m 
# 
I 
« #4' 
1 
»4 
© 
-C eT 
«« . 
S  
1  
«p4 
«9 
»t f4 f-l 
& 
I  
i 
m 
f  I  
^  I  
I 
« 
- 38 
10 
m) 
«o%» • 
R - R C p . T )  .  ( I t S )  
trmntmrn MewmimmDt: of. r^laxmtiea 
J%, is ®f %h,9 • ©ollisioa wm-%9 1 ©a 
P3p«»sw« ttoat pi»®#sMif® i@p«a4®a®« ©f %fe® F®ia3ia%i©a %im 
0- is iatiwadmeeA* for »m«lb »»w g®« .law^feigat®#, th® ®f 
®©lll»toms r»ap®»8.ifei® fm iritora1ii©»al ®x«itftti®a siiomlS fe® 
i®t«j»ias4 tmm ®3ip«yia®al®l ©%®®rr»ti®»s ©f %h« is®%&®WBft3. 
jpi»®s«w® 4®f«ad®ii#® ®f' &• t Wm it 4owM« ^©lllsioias 
©all- «r® ,i'«g'p©agifel»|f I is pi»©f©jp%i©ttaa, t© %k9 pr«®*w«# ^ is 
inir®r#®lf %© tht® p3r«»»i»«t «ai uJ,np »r® fi*o« 
f©rfei0a«l %© th.® fs»®s®w®» ia4 if tfe® f»«.»»w® is 4®ii^l®i 
isottowMtill- til® ®wFv®s ©f fig. 1., ®r» disfl*®®# si©ag %Ja® 
fttoseias® ©a® ©®taf® %© tit® Fi^t* 
fat® %hm type ©f e@41isi©as i'®sp@asibi« tm iritejf®ti®a®l, 
•ji®ita%i©a ia ® giir®a g®s kas 1»®®m •iif«i'ia®al«il.|- A®%®i«iae4» 
si^s®%a«ai ®ii9®Fin®atal, fr©®®imx«®s ar® si»p}.ifi®i«. fit® ia« 
4®l»»a<l®at f&riafel® ©f ®iEpi'®ssi©as |l,f) aat (ti) sua to® !•«• 
giii^®i. »8 oj®- f whnm B- ia l«»a is ® fiia®ti®a ©f Wi» pmmm?9* 
It €@iil»i«, ®®llisi©a» ©aiy »f® r®sp®atibl«» f©^ »jia^l®i %lm 
•«l©®i%f ®ai &fe»©f^%i©a ©f »©»a. ia tto® ii.8p»3psi*« wgi©a »r® 
fmttioiw of iu)/pU gfiia^rafeori *»»»i In •«-
p«.ri»«iife.iiX •wmU ».m ©J?-
tjryatAli* • 1% 1« m% t© %U« 
mntinmrnlj tk# dii,p#riiir# i»«il«ii mlmg thm* 
Smt it i« m iiai*!® t© * fi®ii»li«»fel.® p©i»t4©a ©f 
tto® tiif«3?®i'r® mgl&m ¥y «' ©©iit4am®-»« "r»iPi®li®a of tli# pr®®-
«w«« 
. 'tb® e#13.l'tl©i& fat® 1 d®f®M® ftS®©. ©m tk® t«i^«ratisF«t 
®xii %ker®tof .part ot i®f»ad©a®« ©f 
*.i©a-tl»« S- i« 
I,. ®f ft© 
0oaai#®r mm% HM® pi^etel®* ©f »#%li«tiag f tii®©jp®'ti«®1.3tj't 
tMova^ mhti^ ®Mi%4©aitl. 4«p«it®a#® ©f ^ ©a fe«ii^®m%iir® 
art®®!,* Si® ^®®ipf ©f -IiMitiim amd f« «®%i* 
»t® ©f ia-tfe® «f®mt feat ©©iliaiomt- ar® 
®xilmsiiraly r®if©»it&3l® tmw irt.¥if«ti©aiil «x©ltati©a# Fi.i?8% 
t&® p-r©1aatei3,4ty %hA^ a ,«©a.®©mjl» ia IM® ®3i#i%®t 
«ta%® ©f •rifeiratiem t® t®»®ii®it®A a @©ilii.t©a witfe an* 
©tii®r 4« tal.©iU.afc«i* fkm t» af®»af«a ©•»!? 
fete® ilg$Fifemti©» ©f %h.« i»®la%i¥® ir®'J.©®i%i®» 
tif© ©©lliiiag .ai®l®eiA«« t© gir® tto m«mgm 
@@lli»l.©ii ©f a fitoipa|:l®®«l. 4®*®»t%a.'fe.4©a.» 
1®^® .aai f«,3.i®r f©lja% ©mt %li«% a.©.«©iNlia@ t© ^® 
tta®®#!' ©f Ijaaaau .-ami f®l.i®:iri tk® «.ff©©ttvaa®®# • ©f a ©®l.llsi@a 
m mlth»v a irltoi»at.l©iia1l ©y r@tati©aal. i®gif«« ©f .ffaefi©® i» 
HQ 
fejr rati® 
# iW 
ii tffesliir® trnFati^m #f %h9 e®lii-si©m ami % 
it tfe# p®ri©4 @f' t&# i#g^«e ©f m4®i» eoatii-
<i3?afei®ii« If r ii ®f %h9 m€mw miliy o,i» daftilftrj %hm proteit-, 
feility ®f «xeil*ti®ii it if ^ » i, frofefttoilitf 1« 
I®** 
In gm»ml % BWty b« 
life®!*® V is "ta® ir®l@©i%f @f %hm twm ©oliitimg '»!«» 
eml®« and i is tli® ftag® itiliieb tiai® vmtwkl isitemetioxi 
f©re«» &T% fhm s ia ®ji;p«@%®i fe© fe« @f th» 
©rA®F of ®a® lialf t© #a® S®to ratim«# tkat i»^ t© 
Jt 1.0*9 e«a%i«et.®F®» 
F©r TOt&tioB. any fe® fossiitfed a® tsb® tl»® r«quix*®i 
f®y #11® p®f#'3i,'B.%i#jii AiviA®A M- Tf ®i#XNif©i*® *^0 
•iiii®p« i» tte® r*dim» %h9 a©!®®^® am# i® the Iia«af 
i?0t?»tioaal. ir®l<»#lty ©f tli®' ®t«aii afeoat ffe® mlm'&kl&w mn.%mw 
©f.grmvity. tn t&® to.m»i« ©f tsii® »t«Ap«pti%ioa thmonm it 
is app«j?®at tkat i« of tli® Qw4.»r ®f t* ^ Aim ii ®f th® 
ofdftF of •• i» i® @f tit® '@T&&w waitf f©F fotati©ii, 
&ti4 «fmi3.iterii« fe®t»r®®a i?©tati©a ami tfaa®iati@a i» at%«to®i 
ftffe®^' mmlf a f«v «ol3.isi©aii. 
( M )  
• • 
For 'iritermti®® 
£ 
itni felltr mmplmiM tfe&% ta ltl» il0h 2Try 
r&t3mr Wmm ,«fe©iil4 hm- mi«t %m&mm tb« fy#f«®a#y is 
ittedi tat® fomulut fey t«iiiag %h@ tia# ©f • 
«*pr«»si#mt Xikm jlaitrrv'tK yibf»ti«»a 
fi®« y tr® liwpg^t •# f®3r- • i te»ti@st i t  i# ttet  
w » I# , 'Por tfeis. lisaiiwi m4. giv« 
/?o - Ce"'' (W 
wli»i»« § is a ittrie fa#t®ip' giv®t tfe» fy©Mfel3.ity tfeat 
%fe,« edlllsloa ®f two will talc# plae« witfe m% ®f 
tfea a©l#«.til«» fawFafely 'tttai*# mra im mpmlmxk^&l 
<lata staffi#i«iitly atearata t® iaftmta e« ©l>fi©u»ly 6 *mal li» 
laaa thaa 'liwity, aa4 P'r^toafeiy it lim teatwaaa 1/1, aal l/^ in 
Mit aaaasw iaaamaa it is lasw ttel a glvm i»3lli»i0a 
will ba ia a iiraeties imitalila t© a giiraa ®ota #f' 
iri^rati@» in a a0»|^li@ata4 mdlaamla# it ia axfwetat tbat & is 
lii#.«i»' far iiatoada t&aa tm f#lyat#iii® 
By Tirtma ®f (%!)> y f®r taaa mf ^iferatioa i» glwm 
fey r _ ^ttVs 
-v . im 
Q&mlAeJP %h» mlm ®f f lAkaa tfea Miaati® mmT&r ®f rala* 
tiw «©tl®a @f t&a ®#ll i#i»g solaa'i i laa i* j«st l i t ,  tbat ia,  
I ^-^r^ Xnn-\r =-fer,  (51) 
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tmmm* tli« Is Am« la tmra %& tfe# larg# 
tQwm» wliisli g®v«» vt%rifc'fei©ii«.» 
At a girm ©f 
iriteapAtloaiti,, .f0i» ®f tiff•3p®iil 
in eolIisi®a« witli »«»l«euXds ®f on 
.a/i-# iiai mti#* 
f®r a giwm a©JL«#wi,ii* apmSm-^ i« mmlMmhlj immm9<SL 
if tfe# Hitttti® tia* aoliiw of ©ollltiiag 
l® l®i»i® ®@a^®r®4 t@ 'lit*- ^f&®i»®f#f"« ® ©f 
® gifwa ®|)®®i®s I®®#a ®.oji g®.i»t mm% mAiXf 
vkm i% ®©l3.ii«» wi^h a®3l®#mi®i ia t&® mlmitj t*l,l'©f 
il3.® If®x«r»|.3.iiui di«tri¥uli#&» 
finatliy i» ®ir®i»ai®i ©vey tfe® 
0f v®3.#®iti«« ©f iw© ®®lll4iag *@l®«m3.«®» 
lio = ff/e'V Ce'  <S5> 
. C54) 
f®!"' Ida® w$Xm- #f » giv®a fey ife® ia%»i3pafei©a ®# {$$} 
yM%§ _ -<r i;o = c re , (57) 
3 /sf/3/hvV''3 
-. -Hfc... - ... ^ — ' ' ' * 
"  z  [ j r l  
c' = c 
mi 
ism 
% / /; 'A 
r =  0 . 0 9 0  ( v s )  ,  (60) 
y ia B*a«iv*d la • in vmltt of 10*' m, t la 
i®g*«»«a Iftiirto,. aai i# tfe« f»3P i!©l«emi«, 
•S^^tisloa* Ifll m€ (0) ytaM.tb.® tb«.©^tt«a3. fc«3®p«ya^ 
®f tli® m^mgm •mllt9Sm lifmtimB ©f't^® 
flrtt ®x®ifc«i 3»®l«eii3.:ar vtteation, of 
iir«i»® ®al.«ml.at«t by l®#j® aa€ f«l,l®i*: ama ar® i?»fir0ii»®®,d 4a 
falsi® 1 f®®* 0jqrf»B a»i altfogam. l@t® tfe.® rapii i»i©«'®a«« ®f 
32^q Mi til iaerea«,iag t®ap®i«tw«, mwwmp&M» t® a aor® 
mpid attaia«®at ®jf tto®i«a3. •fallite'rlwii at lii^ar t«^®i»a* 
t«i»®a« 
I}.* f®maapat«g®^ €®©»mt»ae® Qf r»3.aa£ati®m tia® 
(J«a®Fa3.,ly it i» aaieasafy t© to®w t&® t|-p» @f ®0l,li«ioii« 
'•r»»f©.aiitel« f®3r viiifatiojaaJ. «xeitatioa ia ®Fie» to ©ale-mlJit® 
tb® t®iip®i»atmr« ii®f'«sS«a®® of tk® x'®laimti®a tis® l9-« sime® 
» ®awi®i ®f tli® i®p®aii«ae« #f 6^ ©» t» l@ii«v®r, tli® 
tli«0i*|-'@f 'l»®Matt emA f®ii®f> ia applieal^l® ©nlir tmp tli® ®as® 
ia iflii«li e®3.iiai®ai a»® r®®p©s«ill®» fo-f domtel® ©©!• 
Ii8i©a» ©aly t 'fe®®®*®® 
lf«i#lt, m tui®® • t&® ffetit@®€. a@i®®mlar 
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©Sf f?*9 009 2 ©9*1 0002 
t ti*f OOt 5 If® OOSt 
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00% t t6'8 000 9% Og'Ot ooi. 
©OS 16'6 000 5%t 80'21 005 
000 Ott 28'tt 000 OOt 1 2f%t XoOO^ 
Otg J3 itg' J) 
m It C « 8 mm x % • « 
^it@ff®aq-5A ^«tti9®toM J© 
ft||SEg f««Ta! J© «©T«TItOD 
#1|% 'itg J© ii0ti®pT2sd9<x ®Jna;^«a«dtR©i ti8a'p<|0j©®'Sil 
1 »t<PS 
# 5% * 
• i^l» .* 
wh»m m ti %he mm &i' to® ©©lliAiiag /. i* 
&mm ^ Aaasltf mt 
• mQlmmXm, Sq i», Awfair®** p i« tii« p:r#t8*ir#, .1^ ., 
If til# ga« ©©aafeaal., ffe« feai^amtmra t#faaias©#. ©f (9- la 
ttiaa giiraa. 'toy 
(9-^ i 
®Cff-(T)e"^'" (I 
$ 
miW fek« t®af«ra%i»® 4a|Miiii#a©« ©f^ (T 'atoim hf (S8)* 
it i# iap^aai^lt- m% prmmt i© pradltfe 
.f|0# ij^Q aai 0- tMa it fea«a«a« ia gaiaarai 
%h» w»M§» a ®f tli® iat®ra»%i@A tmm&- is tor iSiffai?* 
®ist iKslaaiilaa, aai a ®ai»t p3P®ii«ta4# ftei# ia mf@3?%imata 
¥«eaiui« t«f«ii4a vaipy aaasittiraif ©a- a,, ag ab#ifst im fafel# 1,. 
fyo« tlia #x|j«ri»iBta3,3,f maaawai ralajEati^a tla# of a 
giyaa gaa it ia f©a#llil#' to ®ale.ml.a%« a» of t©«upaa» fai»g 
th.0 ralaxatiea tiaa maaawra toy J^iaita Sat&a a»d fallajp 
fi»d a aipala eaatlmatajpa for eafto#a 4i®«ita» 
fliia wmlm it of tha mw€m #f -ilia Sul^r raAima* a« aaawai 
abava, 
i#aaatl|r ©aafcattaa aai. Siiitowfe llffi) liava atmiiait ISia 
•prmhlmm af %ba axaliaaia &i aai tilaaratioaal. 
aaafgi- aaiag a Siffairaal aaa3.ytiaal. af|t?oaab.» fka aalliaiaa 
@t a &iat@»ia aai a »@'aali@»»ia MXaemia ia daaairil^ai ti^atm 
aaaltaaiealiy ia %#ms ®f tfea lesti^a ®f a maaa-paiat along a 
aarfaea ia e©'afig«rati®a ipaaa wkitfe rap^aaaata tha pofcaatial 
•tii®3r«y of mmplmm A la 
wMe% if &»awa«t %& ©aly m .tfe# ,ia0»%#iii® »©'3,«e«A*. 
fhia p«i*iwife«f 4« is 
mm%9. mt me «ff£©i®a@y ®f & gl'rta mmmt&Mo mlmuM "im. ml* 
ligl&m/vim a gtw»m @f 
»««. laiittRtoiile i« %&«» for int«a?ft©ti,®ns 
wltli. .©•tfc®jp, §a«t#i:3.iaa. a»4 a^# afela 
%& 'Wifek ^9fiUimsr h0Mm.. 
.mA-^&rg&m 'itt axettS-jag. ^mh^m aat aife^ma ,@*M« i® 
t«»a <sf tl^a- mi tte# f#j«»r 'wilOi. «WL#i»ia«* Tkm 
fay' fetok# • «#aflanitf €^f m»^o€ hm» liattai: %%»• appll®a%i©B 
t® #®l-lia4#a# fe#*w«a», ©m. 
aaA ©n# 4tat#«i© a:y« iawl^ai# , Wm»%h»mmmg tka ©©l« 
Xiaiom/efflai«»ti«a 0f li.aXim aai. mgm §'•«» t>a tmlta ir«l3. 
miia^sl®#i m ^ 9 ^a«la #f tli# of l>amiam aai 
a» i« poia%»i ©wi pm»m^1y^0 
$ 0  W T 0 » 9 m m  $ , w A ' 4 w a , i ^ a a e « i  © i  m l m l t w  o i  » & w a &  
ia <gi«it#yg.iira wmmijm 
Bxpraa»l@»aa C4t) ami eom^ima Iso 4eaaril>a 
tba' of tlia ir«i3.aeS.tT' of 001^ in %ba dis* 
parsi'ra F«gi9a om prmmmwcm aaS %ini^ai>a%iia^ f^i* am Idaal^ ox* 
a ipaftl gaa, rmpm%lw»%ft pwirliai ©©lliaioaa ©aly 
fiwttta® flferatioaal ajcet^ait®®*. la«all tteafe tka iralkma of (9" 
#at«i»imaa . %li.a l.€>«ati#E 0f tka iitfai^iQii eufTtt aloog 
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FIG. 2- SONIC VELOCITY IN N^O GAS AT 27°C 
-T 
FIG. 3 -- ISOBARIC TEMPERATURE VARIATION OF SONIC 
VELOCITY IN DISPERSIVE GAS AT CONSTANT 
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m: %1^ #ii»&.3.yfeig ©r § gat tfa# gat 
wh®»» «ffi,#l#aey 1» •jteitliag- feto,« fifera^i^s. #f A asol««ta«« 
i« ©f fk» B typ® aay alao b« 
©f Tlfewitt@a Im i0»«r»li bml ai£®ilal4®® is m% 
&t inttviiat# in tfeta ai liaai* A gat 
i# ©f feypa A f^r -da# «Kp®i»i**at ia '©ftaa m»«A ia tto,® r®J,a ©f 
an iapwrifcy ia •a»tbi®r« 
:®f©»eeiifafely tartiwy aiaititfaa ai^t tea ©f imtaraat, f©r 
fefea f©3,l#«iiig' r®aa©a» ti?ifl« eoi3.i»i#ii« ®«emr fp«t*a»^ly 
tkom^ ©»a ©iit«»tb#maaiii%k as &t%m aa Sou* 
%!• #<@3.1,iai®iiaf ^ m tiyat %toi^ .f@ftail]La w&M tm malting iR«»ia®" 
iiiar vitewMoaa atomii tea mmwImMd im g«»«yal... Ia a^ 
%%r%iwf *i3E%fflp« %fe® f©l,l®ifiag |,i»iple e«3,liii®aa ©©©wi AAA-* 
1»S, m§, AAi,. Alt, AAf| km p. Iff,: aai AB©, fh® 1^1® af 
m€% ty^® •JEt®ft Alt ®aa fe® €®t®««i»®i itiiiiat ®f teina^ 
ittix%mz*®a aai piup®. gaa®a« Wn^aaa'Aif aoHiaioaa ar® Ta^ry af**^ 
f®®%iv® aomparad t® ©tli»i? trifl® #®lliai©a %y^®s ia t«3ptiai?y 
*imtw3?®a pr«a®»% ^®3ip®,^i»®a%al fe®ahaai<|m®a mm i^@ily ii»4®-' 
tmat® t® 4»ta®'t tkair ®ff®«l* fliar®f®i»® ®aiy %iaa3py «i,3E%ii5P«» 
ar® s©nai4®i?aA is %b.® 3p«fflaiai«.f ©Jf %kia faf®F.# 
-I*«t ^ rapraaaafe tli® .raiajiatiaa ti«a of gaa A 
mhmm impi^ity a®l®®ml®a 1 &m pi»®a®a%« la g«a®ral ia 
€iff«i?®at tliaa %h.&. i»®lMati@a til*® ia pw® gaa A* Mm .i»9#ai» 
%© a^r®aai®a iW* Vli®%&«r th9 ^gaa mdar o&a®rvati®a ia a 
pwm ®r minat oa®, i?®fi?®a®ata %ba a:ir®r&g® awte®r ®f feiaea 
• f 3 * 
f#i? A lliiit am A %m fe# fir«t 
•3Etlt«i Btmtm ©f li«», it# mmwgf ii»* 
*i|>at«A* If 'to iM ii & 
®f A iif ®ama«t tif AA aoi Al ®©iliai#a»j| 
.ajat, toy AAA| AAl aat .Ail %Fipl« ©©Jlialoiisto 
aral..^.. t»k#p»f©i»#a 
n pAA ^AAA ^A0 AAB ABB 
% = fo + ^0 + "No + +;o » (63) 
iwnfetir il»«» f#jr A a@l«eal# 
par tkat a iriteraMag'A. hm %t9 •itwa.ti®sal 
•raaffgy AA asi a© Itfea l»liat 
if ©a# -tii# paasiteia ©f tripla ©#!• 
lisioaa ia pwrt ®aa A# should 4m#l«4« %&« JflMt tw© t«i« 
of C43). 
l*pF#«ai©aa aa4' 143l yi#M 
-ii! 
1 / .AA p/ \Aft  pAB /(AB P  
^ = (^,0 ++,0 +•(;„ +^,„ Ki-e ) , {y^, 
la lawmi ©f «a-lLli»l0m, tataa «ai'#®I.Xl8i®a 3Mttteai?:a» 
^ I Z 2 2 2 AB0y( I - e y . (45) 
lO '0 (O 10 10 
th« mltiMtmm mtm M mm 'Itmmm* ara talamiafcaA f©j? 
%h9 pspairailAmg • «xp«f»4««atal e©ai.l%i®i»a,. aa<i tm %laa %fpm ®f 
0€»lliai@Ba ittdieati>ai tty ampairaaripta* 
fiia .ftefoa# #f a miiiiiypa' ig/ti© fcMa 
©©lliaion lifatlisaa laaawamaata 
m , *» 
ta pmr« g&,t Awmml fk»mt&m ia pria-
«lpl# %te«# mm»w^»mm%9 #f ©.oaditt®®# 
whl^ fi«14 irari*%i@a» sf feb# eolllsl©®^ 
•3piLt«« M iwf« •%© %%& 'wateem ©.©ilisloa 
3M»fe«3r#, •i^mriatinas ©f. i «?« p»4iie®4 hy pm* 
ipftipittg 'aljEfewjp## ®f f«F» 
i&ti©ia« &t %h& ©n3.y ©a * iitx%«3P« ©f gi?«tt 
t©aip®«lti©3pk iraipliiti^a* #f M* 
la (if) 
tarn fe« F#ifri%t#a. in f@»« »fe©w titi of ^ ©m 
%li«, @f tti® RiattBt®# 'fto# i©tl®wimg mmspl9 11* 
fell® A»rlir*tl®a ft f®wi if ^ ii ««««»«€ 
im. .iBiKtw®# 9f tiff»r®at ©©apofitlta, itJUl ®f • ' feslml 
ipmmmm mm' ®s« 
I,®|i ip 1® tM®- parfeltX® «®ti®®ati?'ftti®a ®f g&i 
1» 'fli«m l-if i® %b» partifl® ®®a«»alj»®%los of g®® 
4# A«im« %h*.% tH® gaif »lit%ii^ »3daitei%.i li®®i te«teairl®i» to 
tb® m%0m% $li«% if is pTOp^Ftie-mal. %@ tli® pwptl®! f3P««#mr« 
®f gm® » ®i^ 1 - i» t® th® partial pi»»»smr® ®f 
ga® A. £.®t tot aMtb®# «f M, awte«3p ®f 
MA, ®0lli»i®ii» p®ir A a®l®«ml® per «®®®oA If tte® parti®! 
pi?®®»aLr® ®f gas A i*«3^« ©a® ®%jTO»|ii®i'«# I*®*, to® 
»wito»3? @f Al,. iiwte®r ®f A1S» e®lll®l@a® p«» A 
.»t3.®emi® fmw •»®®aA if t&® f®rli®l pjf®®®w® ®f' g®» 
©a® ®t»®«BM«3?«* Aai i»t to® *^® a«rt>®F ®f AAB e®!* 
• IS -
A pm Mm&wi. If %lm pai?tlal p.3?#»ti»ta 
@f 4 &ai-f *«# 0a® »ot«- tkitfe %U» 
©f, MM twipl® p%w 4 pmw is py©». 
po'i-ti®®*!, %&» ®£ life# ^'airtial ®f 4 aai 
tk# df 4il trlpld' p«x* 4 auMdmitt 
,p®3? i» |j»©f@r%i®8«I t® %h» ifmy# @f tli« partial ^raa-
iuip® ©f S,. «a4 m ©a, 
»fe,$w» til® A«f®ii«i®a®® ®jf ^ oa Ik® t©i^©«i%i©a ©f tfe® oim* 
eoafdailicia mm».Xiky -immlm %h% iatjraimeti®!! #f ip«liUPiLti®]i 
ti«®» Ifeat w^mli. €toipa#%®iri»t• l|rp0tit®fcl®al «iEfew®«,. .For 
awyag® 3a»b®F' '©f 
«s®i%ati®iis' f®^' 4 <Ml.®®«l,® par a«$#m4 im® 4IJt «ol.3Li»ioma« 
I» a *i3itw® is amiy AAi t®,ll.i»i®iii ®«0mri 
^® r®la3Kati#m tii^ mm%4 - e ^ If i« 
t&«a 4®fiii®i a» m» %ia» t&w a -nix* 
tw® im ifeiali ®nlf Mi #0ill®i®a» ©etitr aat la wbiefe |h® pap-
tial pwmwwm» ®t A ani 1 a:P« ®m® atmeapli®^®# aat if 
e®i»r®8p@iiti®g dafiaitieas aF® oaA® im a»i 
•^JRatm.  ^ ^ATM 
I 2 AB 
(64) 
/o "^lo _ 
C©iiirea%i®»l ®xpi?®:»«i®« f#jp ^»»»« aiaitw® 
i _ ill JL Jll 
5atm '^ "A  ^ '%«" '%B  ^  ^ l%BB • 
Ixprftial^m Cii) i» «tmlml#a% I© Cill,# 1fe« la.m«9- l» %m* 
temriiy «•«<! im tfet® mfnallf witti fell# •««©»«*. 
foiirik aad f If til t®i»« »«t #tml, to »«*•©• 
In ®,3?d«3p to. Hfsli afpr«#ia%.I« %hm.gm @f M# iua4 6^0,#. 
luad ©eiltetmmtiy ©f mmi ^ ^ It. Ma maw&lly b®«m tli» 
• pr&®ti@» la- «*p#FiM®ataI stuAl®#. #f aJjEtw## t® latyeime#. 
©lily 9mlt tttiaititi#s ®f ga# S» 0®lli»l®ai la*®.lviag 1 
®®emF i?«l»tiy»l..y .|par«ly 4a Bm$h aiJEtmrss. la ©piajp 
to laim®# mm. #&aBg» ,1». ^ , tlia3p«f©,!»•> th# eoj.* 
liaiea lll"»t't»»»- %§^# %0^'^ «©«i«l4* 
•ipafely •iHwiS..S,»jp tkaa tliat iai la-
mXwtm ® atdlatmlaa wi»»t 1® #©»aifi®rabiy »©»« ©ffattiv® tlsan 
ttaea® iwolviag A ©sly,, ,Ia tiara, s»®.g.a^il.««a ®f 
tfa# ®©ise»»ti?atl®a. of S »©i#.#mi»a, AM, MS aiai 4»i ##H.lil©»» 
amat atvA^al tiaaa aa «ff®$tive as M an4 41 @i>ll.iaioma 
la @r4®r t# affaata.* l»a«a«8® tii® raap®#* 
tl-r® ©®lllai@» ratai i ara.a® -iMieJi awftllaf f©r trlpl.®. aal* 
l.iai®»a« 
I®t ali B gaaaa kava a aataiytia affaat ©a tli® iribipa* 
ti0»al axaitatloia @f 4 aaiaamlaa* Som B wiatnlaa ai*® im 
faat lata affaetiir® tfeaa 4.# la tMa aaa® tlia tiapaapalaa 
amfira la ablftat 8ligh.tly t®' tfea l.«jfi If a «-i®iiaiiefafela 
* 51 -
®f B if ffett t#« %r&m est&lyit It 
fop 1  aol t tml .##  *&©#« i t ir® mlAt ivwly  
gr««t. 
tm gm^wml %m& %fpm mt blaai'i- %,teos» in 
A. 1« tS#f#r«i¥« ant 1 t* »#%», aad la hQ%% 
Jk m€ 1 &!»« 1Wim« far ii ba« %««» I** 
plltilly tbali gttn A is -aaiA gas 1 is ii@t# If B is 
'%m rmlMxmttm tl*«s mmM. 
is @f th® tmm »hmm i&fl* ®j.®' 3r«i,iaa%i®a %imm ©f 
letk A a®^ 1 ay® ®f fc&e f#» ©f (4§).i. «ff««% ©f «a#li gas 
©a tl.®' i>®l,aicatlo)t tima'of 1s3m %%h»w InrIs^ %a]i®ii a®eo%it:* 
l^pariKamtel. s%mdi®« «f miKtmm of twO' tiafttraiv® gas®® mm 
mamXlf a«4« •»«!»§ smll tuaatities €if B 4®illi«rat®ly %# 
awiA distortloa of Hi® •®lo®itf ^ ast afesoi»i>%l©ii ewr®s ®f A 
toy tb® ti#pei*«iT® «ff«#%:« of 1» 
IS. -Iteparissatal of fjpsfio'ms lairastigators 
f© illmstrat® tk« »m«®®ss amd tk® llaitatiowi of 
tk®OFy of liaataii aai f«Xl®r, pi»a®tl®ally all tooiw ®x|>«rt» 
moataa. 3?®»ml.is ai?® •«Miai»i««<4 k®i?®» fh® aio«% ext«a»i't® »x« 
pftpimeatal fFop-awi feai?® %»®a ©oiktiitt®# l»y Smeksm.# lletoaMs, 
Enosayj^ Ei3iia(i»«a# fi«l.<m®l®3P, vam Itfeorfe®®!:, and tkaif eol-» 
lateorafeors# tli«y l^v® »^l©y#A mltpasoal® t®®lwaitm®s* 
laati^owifc*. ©tiffltfe liair® ip®#«ittly «®ai* 
iMP®a %fe»'**a3. i«®Ja3tatio3B %i«®i msimg VMm ga® 4yaaaies t«efe» 
0 -
Mn nmtliB® ©f th# ffogjPM# #f %&«• mboviB 
wm»k»m l§ mm$AinmA in m» MAM mp&w% &t 
MmAmm i» witfc thm «>f tb® 
fik^nmm'mng wM,eh Ite* wi.i« soiuai aliida^tidn ia 
&i If#!*® m&^m hf Sm®ls®a ®a ®lil#Fia®,t 
@«,rb®a iidXlS® itni &mlAm0 %7 •tli|r3.®itei ' 
m& hf mmmm on ©iqFgwa* 
mw0 .|,l®t®d in f'®l>3,® t» 4m '®U:t«%iusMAiiif of tli® 
r®90i»"l®4 is tfeyi ®s:i9%®m'®® €»f «rii« tl»Q.fmp&ai#i®t l»®%itf®®m th® 
iTftim®® ®f f®r at sf«eifi® g®» wM®k «,f® r»p®'rts®4 fey Mi* 
f«i»«iit i®fe#F®|.©iPi®®. fk» pmmmmtiM .$»miMwi'if • &i A ga«»® 
to impwily i^i®#aa.®» ii l®rg®ly i»»«f®iMii&a.®«' ¥at®r TftptJf 
1® m piuptiemiarli' tr©mbl»»»#»« ®®3atittiiaaa%. la 
• mM. &m mwlj smm 
®e®ium%« 1$ p®r.®®mt« Sim®® ®%«®xi* 
tim hmM h»m gtv«a in mmk t© tii® ua® ®f g®s®s 
©f ,tb« avallatel.® pwity* /fk® ®f wm IMtmrbmU 
i® ^ p*i»ti®miai?ly iiofe®w®:i»^ tn tki® wmpm%m 
B tt®l®®m3.®s wMtb esi®#! p®if®3rfml aetiom a®®®* 
mfafely 4i»fla#® tb® &nmm ®f A gfti«» hi^m 
a®©m®tte fr«^ea®i®® 'i^ ®® pf®»»st ia ®*rffl«i»afely »ia®li 
t# p»tm®« a® ©f ami • 
littler f&fl 3Bal;#8 if th«ir 
pmammm ig B©t ««fp«©tiii* #©l.li«i©a lif«tl«# in 
& #oiit®»iiB&t»i A gjftii iii luia %hmm it i® for tlsit gat'* 
it If .profeiilsl®' %h&% tli# lsi»g#8t irala« ®f• 
F«p©i»t«t fof «, ,p«r# gi-i ii a»»t m®mXw e#ri»#®t#. 
Sn. teas 'feeittt ii»l« ia tte.® ©sn^ilati^a @f fitfel# M 
t# 3?«»olv# %fe« imi^ #if«r#fatt®4«« wMefe «pp«ai*-» It i» ia* 
teM«4 omljr that tki« tftHi# fmsniili ^ #Jr>d@r df i»ag^it»i« nom* 
l»»i?i«©a» #f tk® ©©JLlitisa - tffi«i«»®i08 of v«pi®m« ® a®!®# 
f&# tftltuXatiom 0t all 2,^*8 ia fatel# 1 trm @fei»3pv#t 
]»«)litxaiti0m tiasMiA %b&« hmm hmmA @s atsmption tkat mwX.f 
m -iembl#' ©©llitioas &r% tm vibj?itti®a«l 
«jce.itiitio% ®x»«pt ia ©ollitiomt fe#tw®«a mygwn and wmt®F» 
.F«r tfe# l&ttftif ©»«« la®#®# (1933) d«*®a»tritt®4 tfctat tripl® 
eolliii®as imir®lTing tw® if®t®if ii@le#wl®«, ttofe is, Aii ®©1» 
lifi®M, &r® prija®ip«llf •ff®©tlT# in i®-®E®itiag tli® iritea* 
tioa» ®f ®*3rg®».» f®s?ifi©iiti®ii ®f tb® ®x®lmiiir« rol® ©f 
d®iitel® ®olli«i®ii«, f&rtitwIaFly i»' aixtnif®®, hm m«t»r 
ant® f®r tfe® wi..|oi»itf @f ga«®» tfttoi^iit«i» .If Tibr&tioa&i 
€®»®x®itati®a 0f #©«« g*««» i« netmllf to Wipl^ &&%»• 
liMiQmg tk® ,r®«-p®«tiir® «@lli«i®m lif®tim»«. ar® awiill®^ t&aa 
t&«, tabulat®d valm®#. toy a fa#t®ir @f 3^®m^y 10^1 
Jtt©l«^#4 ia lafel® I is a liat ot %!!»•'Iswaat' viferatioaal 
fy®tm«®ei®a ®f tk® A a©l»®ml®i» •a®^®®#® ©f low®§t 
s 
m 
B fo 
>o M c»\j\vnvn 
o O O H--4 O 
o o o o oo 
oooooo 
oooooo 
w. 
4"^ 
is 
o 
o 
©• O O O O ^o © o o •© o O- © o 
m »» R9 fU M m »a •»«! w WPS 
M WWiKiOoaaiWWO m m m*> c3ro m «m 
mx^ 
M t-* O O s sgssssssssss  
OOOOCSISQ© 
^ :|h«..^ |«I 
«  S 5 S  
®^pr|-» 45" 
N/ 
ruw o  mV3>o 
vnw o&o o o o 
V 
O PO 
o o fi I WW ^34="o ovao o o i >0>000000000i  iOOOOOOOOOO l-'l-'fU0-«4^0 0 ^ row o a»o o o OOOOOOOO 
m 
% % 
m 
'% 
O (OS €aOO«5 O O O O O O  fw w wwfuns  
« 0 ;«a 
^ l l r °  
OOCtOO O O O O o WM (\> rv>!\) 
WKOOO 
rv3 O OMM O H 
i 
m 
M 
m 
o<f> OO fo m 
^as 
•f • •• 
CI 
o fo 
M l-» .|j I-* ft»W ftaWWM-MW f^'\iAWWlu(» m 
f» 
N/ 
OI-* 
•s/\/ 4=^"Wl 
'-a.ooi'^fa 
m\ (0sfr.« loTF • • O' tOOO I oo o Ra -^WH HH" rv) o-4Vn ru-P^w o o o-j cr^ 8  S  »g  §  8 i§S«§i§8g88 
m 
I  
m 
o 
s 
# 
«a 
s 
m 
' wr 
I  
w sJ* 
g 
sr 
r 
m 
• 61 • 
m 
A 
%o %0, 
%0 c%  ^
CSJOS 
»t0 c#t« 
IgO Cp|Cl3 
©OS COS 
oos la' 
.COS AT 
'COS 
§m *2 COS' Of 
COS c© 
COS %0 
COS ei|Oi 
cot W» 
m "10 
m 
*!« 3L2 ' 
ii 
.s 
11 fl 
11 •• 50 
11 200 
I IT TOO 
? 
2 
9 600 
1 250 
2 T T50 
2 200 
11 130 
2 3 550 
t 3 200 
2 2 000 
11 i 
11 IT 
11 m 
iSf 
fs| 
mg 
®se 
mz 
CBaOE 
opfraHl 11 
W| 
«k . «# 
cif 
fH^ci ei|0i 
I 
8 
I 
S 
I 
a 
t 
8 
8 TO® 
: 22© 
8 
mm 
1 w 
I TOO 
1 ITO 
^000 
200 
1^00* 
2 TOO* 
4^ 
1 iSo 
f i!«tf (ftl'StJIF# f ' • 3St% 
Hi-. 
Mfmm 
Imtteta m& Afhm WkO) 
ltt#k#a mw& (1933) t (19A) 
liiek«a aii# Jaft©ks (1935) 
»a«k»» ftad (1936) 
Katima ami liwim (193T) 
F^ieii# ilf%0) 
Srtffim ,{1WI 
KaafeTOWlt* (1941) 
ClfjII ^ ^ 
lamiaaa aaH Farieica 
Emeblar (IfHI 
f«^ aai 
Mai^iasas (19391 ^ 
fan  ami  KAWlmm (1938)  
fiferatioa fr#fttem©i«« 
©f A !i#l#©«l«a 
Cl;> 
02^ 
CO 
KgO 
COg 
H20 
COS 
CSp 
sof 
OTjii 
xm 
2162 
165i^ 
44T 
0$ 
^tl 
39T 
S2« 
13<  ^
0 
t 
s 
I  
m 
I 
I 
ss 
€ 0 © 
1  
i 
I 
I 
1 
•"H 
1 4» 
« 
m 
• 0* 
• p4 
I 
%4-& 
*» 
& 
I 
m 
1 
I  1  
tj 
M 
1  I  
• 
a 
© 
1 *« J 
1 
# 
5 
44 
#* 
m 
« 
1 
« 
r4 
I 
t4 
•P, 
I I 
£ 
%* 
I 
' • 
i 1^ 1 5 © Q O 
el* a I 
® 
IS 
j4 
^«l 
% 
PI 
ooooo 
§5 ooo  oooo 
t^Chf-OOO tAfti 
to o o o 
SKSwS 
4* 
M 
© 
& 
© 
# 
s 
«l 
§ 4» # 
I  
$ 
I  
3 
I 
N fit 
8 
I 
« 
S O 
i* 
5 I 
m m 
I « 
I  1 1  
« 4» 
- 5 I 
* # ii 
r4 ® •*! 
© ^ 
^ ® 
e# M 
f ^ 
! I . 
§ s i: 
f 
1 s 
! § § 
I 
I  
E 
s, 
3 
r IS 
# 
i  
*<• 
cc 
I 
I 
I  
5 
S I 
'<r 
I §  
I f  
I  ®  
I 
&  I  
s: I 
s 
» 
g 
t 
a 
I 
»-• 
• p 
I 
I 
3 o 
% 
t 
X3t 
I 
© tg 
I  
«4-
ef 
P 
« 
§-< 
S 
s 
» 0 
1 ^ 
.IN» H.-
I 
» 
f 
f  
I 
:l 
. 
5: 
m m 
,1* 
r g 
ef 
I 
e; 
f  
m 
i  
I* 
» 
M 
®P% 
& I 
• 1% • 
i* mm ^ 
fmm gmm -dll biiir# lajpg* e©lli»i©i§i 
mAg0 tTmm 1100 i» •mmmmlA tf© gr#ml#ip • tl^a® 
®3£|rg«a». ©a tl»» siifeataa^iat® 
pr®il©tidm %ii&t ii^©»» vlbi»fi%i.i»3aa3. 
&m im»»t wiXX *©#t r©«il3.|-, #x:«slt«€# i©il« i« 
wmlX ir«rifl«4 toy friefe#*# %m 
il©3ci4«t. niferoms au4 emwhon 
,-ani fey ,tli« »#a«mr»««a%» • ©f £.uek««i# ]l##SE®r l&a®»«i» . 
ta oxyf#a aad «to^l.0ria®, letufel® iup® mm&m& md 
sml.piimi' tisJEit®, ©» wfeleli -iittl® ifoi^it tot te®«a 
^01^» 1% ii fwifi®ati©a %®©feiiiQ««.i 
w®r» ®afl@y®4 ia th» @f III®#® g«®®.s. fimiw 4»p&i*imi»® 
fwm tsk& gtmml w&l» any ©%,l»®rifi®« la® ®-3cpiaiii«i ©a b»®i» 
of the gr®a%»r &hmlml ©f tii»»« ii@i«©m2.®8# 
Sa® {»j?®«t®%i©a ot %%» 4®peai®a®® 
©f i® ir®ry f®irof®felf %y tfe® ®3Ep®Fi»®nt«i ^®imlt» 
In ptup® ga®®®.# 
i«XiT«. mmA %y€mgmM ®a%ftly»t« ®« a 
ffe®lif i^lm®a©® 1® te®ii«f»i to l>® lafi®ly a»®liaaleml, i» 
«#©©M wltb til® 'IiAfti&m-t®!!®!* ®^g®«%.|.©a tiaat iriferatidual, 
«36®i%ati0a is i^i»® pmhmhlm iifet®n ttt® f&fei© ©f th.® 
of 0&lXl»lm m® p®i»l.®a 1® ,®ii»13.* l®3.im and • 
• 4  ^ *• 
hyiT&gom. kmro ti?®iasla%iomi »mi 
Untir ®&lM0i&m with Jk. - mlmuXm skof»t 
i.wtek%i.Gmm %h» thmw^ was i^ropo*##, 
ll«feard» i If 361 smpm%%&. %hm% tlm. of ky4r©« 
§m 0& migk$ h& of eliitidMl. migim* 1# %ii»i>efoip« 
til# »timt @f •iwlMW'l.m oa ntfeyleiwi* sstd 
feiy4i»©g«ii pp#t«wafelf hmv» XAem^iml •ebmiml ®ffe®%.* 
ia», ft wai^ si®w«r wa$ f©«aa€ to to® a •ir«®k®3P 
©fttalyat tkmm byai»®g®% » tmt wMete smfei#tm®atl.y e©af!«#€ 
th» Mm of. itmndmm m& ^ • • 
f'fiftlmi.® 1 a©l«.eiil®t ar® ®» %kte wfc®!.® mm «ff®etiT® 
eataXyats thmn tiatowi# mmtg p&l^m'bmle 1 Ml®®m3,®s «dr® 
®ff®®tiir» ttojua tpiatowi# ®a»a» l«tk« aa€ f»ll®r amg* 
g®at feliat .6©*fii®at®S ii»l.#«iA#a aay psat®#® ®®rfeaiii 
whi&k ®xer$'eh.®aii#ai a®ti©ii m givaj® A wslee^taas... 
fb® •i®®feri® dlf©!® moBiaat #f S, ami tM® awnmaat ©f la«r* 
Ha of i aXad hmm arnggaatad aa ^«i»g of poaail*!® eff«a% 
la fek® ©atalylle ael»i#a of i» fb® pi^feaMlity #f viferafeiiiaal,. 
axaitati^m mppm&m %m iap®^ oa a«7®7al. faalort*' a»d %&® 
y«®p«®tiir® iapo*»taa«® @f aatfe S.8' ast.vei^ w®!! mt®i»at©#^ 
at Fi»»8»at# 
fli® failmi^® ©f tb® t«ap®fafeiBa?« Aapaatiaae® ©f to 
f®ll#if %h.«- Iiaatam-fallar aa«g®st» fcto® %hmwf may 
fe® apflieall® fera«« ta.taa.y«ia» .I^andam, amd'fall®^ 
aasmat that t&» pwtoa^ility of axeitatian la aaall# a p®©F 
• 44 * 
«ppi*©xi»a.fetoa f®r pQmrt'&X estalrsta* 
fb.® i»@l« ®f fc^if 1# ®©lii#i@iis ta. ® e«taiy»i» has. 
m0W9T fe®«a Mj»%mwm%lmllj iawstig&tMt S«« mmn% «3tp«r» 
ininital, %iie po»«iW# ©f 4AB 
la «at i« msfe* 
f», C@3,ii»t©at is fmr® a®i MiE#4 0Ai®» 
aiai Mjbm Clfli®) #a# ts&« few todwii 
ta ifb,i.©li. iarg# «»«»%» gft# i w«f« 
aAdM t® A« l gfti#s« &M 
mrg©m§ t© m& mmmmM. rml&x&HQm &h§&rp* 
ti&m %b»reiM* lit# 3?®l&3ta.tioii %i*®s they f©*iat ay® 
ia tiMi first ®©lw» ©f 
®«« 0*60 Mm QmkXi §»&• 9®® 
f ®fel® h 
€#mf«i»i9@ia ®f f«lm®» @f mit (9^^^ 
1,08 0.1^07 
2.88 0.97 
^.16 i.o4 2.3>l t»Tf 
• * 
omly M ftM Ai mi»« 
Mtd A|rMl» mpflliii 
I ^ ^ 
+ 
^TM 
folloirt fi»©« fifJt t# eal.®m1lii%<i * ®fct« valmds @f 
^0 , eal©miat®4 fi?®* C48) mm .#k@ifa la t&« «»eo-iai ©oliiam: of 
f al>l# • h, 
F@i»- a giv®» A ami a glf#a. » gag, #li©a3.4 tea IMapaM-
«m% ©f tto® 0©aposl.ti@m ®f tto.a *tjit-*iNS* the -mlmst l» tk# 
sa@#M ®0li» ajr# aziS kfhm @©&9JliiA«4 tliAt ax«> 
pmmlm iW #aiss®t fe« m««4 %® #a:i#ml,at# fr®a 
alstftui?®* la Mliiis& iarga ##ii.#«atra*i@iis. ©f J, tyi^a gaaaa ara 
maat» fkaj pi»®»#a%ai a ©f t&a «jcp,i»«i* 
_i_  _  ( i - ( i ' f  # - ( / )  
^TM (69) 
aa€ pfopo^aat tkat {ifl akemli. s-aflaaa |4S) to famaral, 
falaaa ®f <^g ealaalatai ff®*' (-if| ai»a^ iii<l®f«ai«at of ' f/* « 
aa »h@i*a ia tM® tfairi mimm- tf tha tabla. 1l©mfe3.« foliiai®,®# 
ara aaswai t© tea axtlmilvali' irifepatlemi 
aataitatlon ia tlia a®i»lva%£®a ®f (6fK 
Walkai* ofeaa^fvai, fe@if«T«3p, li&at falmat ©f 
MlealaUdfro. ^ 
-f-
%rM ^4 ^/48 # (?0) 
m 48 
whleh imm lit) if tlt» yol# of MA^ 
ani ABB e®a.liai@£uii ar* ftXiio 3Nt««#a&%i2.|r of 
f&i« tol»%« t© llfet® pofiiSbl® p«i»tl#,ifiitlom of AAi o@iXii4oa» 
in t&# «x#tt.iLti©a -of esrbosyl inaii^bii# mgom mmi hf ai^w* 
g»2i »o3.«tia®.«ft .Mi wouli t3#ep® iM mix* 
ti»#« lafe®!*# B i« m»M ia imi,i mB tm. -All 
pwmlQms «iJittt*»« «jcf»ri»«iati, simo®. i-tf . is papaetioally wity-
foF'smcii m. @«S6 aa# ||®) i®«» a@%.ilff«jf froai 
m ) .  
lo mprmBtm C«lf> glw« tk« rolaxmtloa 
ti»® ®ATM ome woml'A «*p.«#fe t© if MA aa€ AAI eoi-
lisioiMi emlm'imXf .i'®ifQ»#iife3.® foi?' %ii® vitop&tioml 
©xeiUfttloa ©f. ga« A, 
fw©' ®tfe«3P ka¥® hmm: r®fo3r%®i ia wM,tM tFipl® 
e©i3.i«ioa» li®*® to#®® fowaA fe® plmf a rol®* A« aii?®&-^ a®ii* 
tioa«4.t^ I»®a.®.r (1.933) ttoit mm &3i^gm j»©3l#®-ml« i.® 
ei%»4 prim&tp&llw W ooilisioai mi^ %*©• wat®!? Ji®l®eii3L®s# 
SttttiwyiiyA ftm€ Si^ilf®r C2.9M-X} 3P®port®t ® iitali eff®®| 4«o to 
tripl® ©oilitioaa la pw® aitron® oieii®. 
-§«  of  #&•• .»  
.It i® a®«®»i&i?7 to at tbi® point a lsFi«f ii* 
g3?®«ai©a mm %hm pmhlm of #ai©i^®tiiig tfe® f^iteatioaai &«&t 
oapaoiti®® of 
a® eoia*®atioiiai ®mp®ri*®atal ]^TO®«tw® t&r flMing 
• 6  ^ * 
tine ^ ii ttm & A««avir«a«iit 
of aeaie Telseity afe & fr«%mea@y u) i» im&»* 
til® m®a«mt«4 T®l®0ity is to«ijif 
t«k»m ©f r#*!. ga# i«tMiiriaF •«»i life# »ff#®t ©f alii#yffei®a en 
fmXmltfi, of aad 'are tiwia tal.««latja# fiNM®. feba 
®f lita feaat- ®«pa«ity'©f $mm* and ara ©om-
pmfeai ti^QM aai S3ipi»»«ai®» -CtSl' la tfeaa afpl,iai t® 
ealenJiata (9- « ®i« aaaiwaty ©f (9- i®%aiwlja«t la %b.i« way la 
aaaamtlaliy llaita# toy tfet® aaewaay ifitli w&iA amd eaa 
tot aalamlatat. 
^a total, baat aapatity at adastaat -r^xma % la iMtAa 
of tafwi aomtritemtai ^ aaiii %fpe. ®f^ ».i®«n3.ai? aaai?®^, trana* 
lati©ii, y®tati©a amt fi%»ati©a# 4t stifflaiaatly b,i^' t«a-
p«r«ti»aa aath. dagraa ®f fi?®®A« ®©ati»lbmt®g 1/2 1^, t© tka 
kaat eapaeifey ©^» aaaf^i a^apaetapisat by 
tMipaa <ia.fraaa of fjp®®t®»j>' ®©tt%»llnita» 3/t f®r lia®ai» 
p0iyat®«ia malaamiaa %h« ii©»fcrib«tl@ii f»ii refeatioa ia 8^# 
for 3i®a-.iim«a# ©maa# 3/2 laeb aK»i« of vibffttioa am* 
trlbmtai if ttoa tei^ai?atwa ia aaffiaiantly ia-
gamrata wsdaa ®@B%Fit»mta ti*®a tft® dagraa of dagaaayaay* 
4t i»0®m t««p®.ip&twaa» ia fmlly iairel#pe4 im aoat 
ga3aa» tiioa® Mil«euiaa witk musmaily laz^ga x^tati®]»al taaata 
pf@iri4iag tk® «xa®pti©3a* m. tte® ©tk®!? toaad la a®ir»3p 
fwliy davalapci, a%. t«afaFa%w«a* tkarefar®.# %h» prstolaa. 
of ©alamlating, at tia.«a« t»iap«'patw®a ia «a«®atially ^at' 
TO • 
®f ©eapatiag %hm irlfewfeienai &«&l, mwmitf 
I f  1% i s ,  tbat  ¥i fe i»afe iag- '  gm-  wmtm^vUmu &i»« p®rf«t t  
•&ai«oal® 0feil.la%of»St ^paatw ©f 
l®ai» t@ til# f©ll#*lBg' #3efr®a»i®tt f©i» tiaa #©»1srltettfei®ia %# 
®vtfe ^ * vibratl#aai »#€•, ®f fr«ftt«sef at t«ap«i*a* 
few# ft 
fto». total, irite^ati^aal la®«t ©apaeity i#-@fetaia«i toy amaaisag. 
til®. eoattrifemtloiwi fsrQ« *li a©#®®,,. 
Sp®®ti»o»®#fi® 4at* that a©3.«®i(ila:r fibratloaa ai*® 
ii©t p»i»f»«tly lift»©al®» fte.® •BMSfgy traiaflti^a fa?®* tk® 
mmm& «x#lt®t t^Haatwi itat® of a glv«» »©•#• t© tte.® @p®ia€ 
•tat® it• tey » sf®®tsp®#®©|>t® fi*®tm®a«y 
•tml- t® m%^ fmlt® t»ri«® tliat ®f tb® ti*awiiti@a fro» tfe®. fipat 
t# i^® gyotMd Stat®* for p®i>f®®t kazwmi® o®®illat®'i*8 l^« 
^ayt®«i «x®it«d. itatas wewli b® ©faally spa®®il »a®i»gywla« 
aM fratma^^yirl®®. 
fli® spattuotwQpteally ©Tba«f^r®i rir®<i»aa®i@» ®f tit® «** 
eited statas of flhmti&mX Mi®® ®aa 1^® m®®€ to ®alt^at® 
*ol3««®»t®ity ©f ^lecular Tlteirati®iyi tk®p®fey toalrag 
tak®a liato ateowt., ?i«l.««®t»3!' Clfl|.3) illmatrataa imeh a 
©al®mlati@a tow tarfesm iioEii®* IL» tfe® •m of ©©atyl* 
bmtlQas tmm all ®s#it»4 afeat«a» lA&wm tb® ©oatPifetttioa 
irmss. t^® itk stat®, ia giT®a fey 
9, ^ 
y = 
^viB (e^-1)  c n )  
tm m 
C- = R F — F-
rp rp Z J, r-j m) 
aa€ wkmrn 
i + 2 
e 
« im 
J 
Wg t»fi,p:p««®»ti tti« fyattloa #f aol.®#®!®# ia tli® i%fe itat#, 
ftai it fckii sf®t%»o«©0fi# of iSi® itii 
a%at«« 
F©if •mitromii #«!€•# fiP€w (fl) g.iv«t « 
rain# f0i» @f T«t55 ©*ioiri«» wd® -p^tr Cl«a%ri.gi»a4# 
d®gi»«», wbiia.® C|2| fisli® T#t|t» fb® -4lifmmm in ®®i?-
r@«p®iidiiig e«lemlati»4 vtloeitiet i» abomt o»« part ia 
^0* eo3?^«®f©aiiag values of 6^ tiffei? %y ,afe©m% t p®F 
@®nt#. f®|p' ,ai®a«ariw»at« nf 6^; aceMrat#' nitfetia a f«»r |j«i?-e®a%^ 
i% i«  m®mmrf  t© ms® I f f l* .  
A f®w ia¥®»%.igat:©i?s bat®' % fr<» ®i^iri#®l, 
f@i«mla« t&r tfe® Mat mpmity at ©©.astaat pF«a»mF® ©p» 
'Slai8t®ii® gi'T®.® f&r aiti?@m«. ®*t4® 
Cp(CAL/MOLE °c) =6.52-9 + O. 0|052,T - O. OOOO 0357 T f 
Foi* a r#8l ga« fp » ia mt tmlt® afnal to la 
®f til® iraa i«i' «aai»# t-@aitaat a* f®i» ©iiaasjJ.®, 
At t7®«, C ealtwiatai froa Cll|.) aai (T5I ii 7 •351 ealwlaa 
Q -" Ro p rpX P * (?5) 
. Ti * 
m&i9 fke it©ri?©t,poMliig i-ejLiiac&tioi* 
tim0 0- in § pm e®al Im mmw*: 
Im It 1» p®#sifel». t# eiateiE ©aEptrlmeatally 
tof « ttti® oft«» it m% 
p®i.sitei» i» pi»*e%i««, hmmm»\ ®f gpsat nii^ ©f iis* 
p«Fai*« fdglQa*' iMm 
tb« a«^®d €»f. mm Mfti* ®f 
•tfe® #f I&® #Ep®i»la#afeal a«ai«»#a«iit«. 
m 
a 
1 
I I 
m 
§ 
I 
3.&elc®A Im gm in whlok ^nlf smll tmamtitioi 
of 1 feyp# ga»#« &a¥«-. f® th% 
fell# *si Qm «fei»,sf&«ip«» 
iitremi #3il4» ^hmm t&p, %h.m A g««, f0? ,%li« foll©w» 
ii^ wmm»* It has' te«:«a ia «©3aiii4«i*afe3.# toy 
fp<»vi@ms iiiip##%ig&%#rft M « pm?# gna us 4 fii». 
iii i» i^ie& iMll B mm mt9d* 1% ms 
ftWiljiM# ia trnit# par® !•©»» ami tg less- slrsagly l30yfim«a©#t 
byVitp#!*' 4 §&•••* Il« 
w&€mm ©t Ami tlieif »r« Iraom.* 4% 
mm it li&» m relntlwiy tihmMl&mX Mtit.t 
e«p«#tty» fbii pW'O&Mem « ©©»|»»fttiir®ly. i&rg® nmt &t 
•wmlmitj thro'm^ tbm 4i»p«y»iv®, Ffgi#ii# ia i&« ©f 3 f«i» 
®®at» W©w an^ % ©ii&ag#, &t atewat® 
%® ©a® f&T% ia 5©09:»® i® p»ia@4p3L® «uffi®i®B% to i®t«mia® 
fdio r®l*Jt«ti#a ti»® wi^ !« ®f @aly i p®^ ®«at. 1% i« 
a®®««»«i?y th@i% mm&itM ®f ii®a®iar®t ti»»» fe® li«li 
t# & iiiatem to %rip3.® #t«ii«» •%© i®®lmt® th® «f-
jf»et-» ®f tfifl® s@ili,#i©a» tr&m mmm ®f 4©mfe3.®# f»3.®©i,%y 
«®&«wr«ii»iife® ®f .r®tmiMi «,®®^M?®®y ®att b® mtA® miiai, 
iii%«ff®«si»»%i?i« .t®#®itil®®* 
®xi#® i« a %ria%@ai« mlmmAa wttM. tii® 
fallowing ifitorftfei®!®®! a®4®® ®ad. f»tm®®®i®»i 
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meikm aaift Ajhmw abao.ipp%ion 'aftaiimpft-' 
atatg t© awii %li® pTObl.»a m£ 
miM%m0-9 toT r««l g«» fe®liaifl©3?, fk»f i9%% m»y ©omit 
a®%®win« ^ with »jpi»©r» ©f mhmt $ 
««at fe|- at against mwwB ©f lO ©3? if p»ie 
©©at fey v®io«ity »®a«iap«iiiiJba.*.. 
W^m 'im*'®«t#l.gatiag wi®'©f tx^ipl®-etiiiaioas, t% i« 
jaot pm9i.hX% t© aasw® Ifeat t&» veloeity aaS afea©i*ptiom $m 
til®' tl»p®i»»if® r®gi©a taa %® pJ,®'tt®A &» faaetiemi -of (to /p),. 
It t«. ae®®ta«i?y last»*i t# vaipy tk® f3P®fm®a,©y, ant 
%m atm% «» a fmttiea ©f pmmmm tb® Aift of €i«p»i»si®a 
ettrf»a e@a«t3m#t«4 ®mt of m®aaii«p®«®ats «a€® at t®T«ral €if-> 
fer«at fr«ta®a®i®«« ?®f It it f®lt tfeat afe* 
80,i^ti®® «®a»w®*®at« @ff®r llttl® ai-raatag®, if any, ot®? 
v®l.®®tty i®t«Mli»ti®ai witfci i»®»f®et t© fe® aeewaty wit^ 
wMA ^ «aii to® fo»t* Wqw tfela r«a«®n -valdeity laaaani'®-
m®mt® wwm mat® im lb® @mrx»®iit imv®stigation« 
B* Apparatma llti^as^al® |iit»Ff«i'oa«t«i' 
Hi® tatimi^tt® ®f aeemstl# iat®ipf®r®a®t3py wai, •®mpl#f«i 
t® i«t®iwiii« a@aie T®l©®tti®»« l®asw®wiata ®f tli® aoai® 
wav® l.«3Eig^ A aai tk# f3P®i|m®a»3r f »*'« «»4 tk® y®!©®-* 
ity is ®©iipiit«i tw&M tfe® pjfoimat f/\ . It i« iwsail&l® t® 
d®t«3mlii« «@sl« v®,l®®i:ti®a t® am a®empa«y ©f afeomt ©a® pa^t 
Im 5000 mi®r tmmw&hl* ®©iMitl©m« maiag ®©ay®ati©»al. int«i?-
• 78 -
@f Ih,® aeewaty wMeii f 
and A tail b« f©mi* 
mltra#.®ait at i©wa Stat# ia »ialia.r 
ia 4»»igm t© i^a oaa ^aatfiteai hy faifair aa4 Flalaoiiaip , 
fhairaai rolaxatim ttaas -tafani aansitliraS.!* ®a'tlia 
•pmmnm:0^ feka taafai^tmr®, asi pairsaatag® ©t ljipiiri%|' 
molecttl®# >,3p®»«at.» fb.« iatarffroaataip i» .4«»lga»i affoyA 
ifi4« ira3*iati#a ®f i^®»® -twiiitltita, jpima; thalr a«e-mrat®-
m®asvti>«»®»% ani §oatF®l# , %* amitafel® at|*iitoaiita ®f 
awe#, t®»p«ratw«» aomaaatrati^ja. of impurity »®.l,®®ml®a, a»a 
,a®®»»tlt Jtr«tii®tt«yp it ia fsaiiM® to atmiy iiaparaida. «f 
i®.^3Wi is, .•«••«# wMAi at mm t»mp#ratmr®| at«®«]^«ri® praa* 
»mm^mA in tli® fmr®' atat®# ar®, efeara®teria®4 fey a wii®' rang® 
©f, raXaiatioa tiaaa# Si® lnatinaa®Bt i# 4«algn«i for ®p«ra« 
tio» at pr®i®iar®s Smm «®r® to tlir«® ataoafltieraa, froa^reoa 
te»f®r®tmr®a t® %gQ e^» A fr®'«a«»®y raiig® fraa tO© t® 3.S0§ k& 
i» afailafel,® ia affr@3iiiMtt®iy tolf^^setaT® iner«ffl®iita fey »a® 
#f B«ir»a ittt®r«aaaiig«afe:l.« ©ryatal soiiiii a©wr®»»f 
fli® Ion fr«qm®aey limit i« fiat®# fey tii® €iaa«tera ®f 
111® aryatal a®ar®®at dlffra®ti#a ®ff«et8 feaiag tr®ufel««®»®^ 
if thfy ar® a®t of th® oM«r.®f fifty or Mor® aeouati® wair® 
l«agtli8« • For a tys>i®ai f®l,«®ity ©f tfO aatara p®r »«e©ai* 
at a fr®-tw»a®y of ttO it® ^® wav®. >®»g'fe ia i#tS ail3.i»®t«ra, 
S#mr«®a amat M«a»mr® tw® inafa®# ®r .air® ia diaai®t»r at ttiia 
fr®tm®a®y#, fli® Mi#i fr«ta®ii®y liult it fix«A hf [l3 
• 7f • 
mmuwmj with liiieln" wa^® A «ini fet 
wiWx fr®t»«iiey, aat [l] 
©f ©.ryttal #ow©«i^, tit® %hl@te®«»®» ©f i#MA €#-
wltfe -iaerftftiia® fr®ti4®a®f# 
©f fell® pr©aoiia«®d seaslfeivlty ©f A %yp« g&«®® t©-
#®3Pt«la iapwltj a®le©mi«t, vm®mw »r® ©mpXatyw^-
ia ga»««.» S-© f-airly .^©©.rarotif® ga»®® ©«a b® 
»tudi«40. &t tli® g&» syst®» &m fa)»i*i®®toA 
<A«i»«v®i» po®«itel® twom *t®«l., 
fk«- int®3rf®ro»®t®x> ftad its *«#Q®i«.ik®d ®Qmi|>a®at ar® 
•sSiona la Fig. 0a «i.® left ap® ga« eyliM@3P» aai pF®«»w® 
gaiif®St Om tk®' talrl,® t©p mm a ^ssi®atie^ ^bLamb«r aaS 
fAlrm %& eoatr©! tto® flow of ga».®a. 4 -ra^ttim pujif is 
«0mt®d t3«id®r til® ta%l® t©|»* &• istarfaroMatar is at tiia 
jpi^t ©f th® ta%l®* A j?®aOTalila mm baa fe««a l®w®i*®<i t© 
shoM tk® 8tai3aa®a« «t««l. t®at #liaad6®f' in tk® tigme* Fop 
j?0©a t®»p®l»atwp« staii»» tli® ©v«b ia ipaflaaai Ifey a teiapapa* 
tmr® ®©ati*o3Ll®d *«t®3P tea®i« fk® Faak ©f «;tmip»®Bt ©a ^® ^ 
Fig^t fetomaaa a t«ap®i?atmi»« ©©ati^i wait, aa ©«©ill.atop t© 
ipi?® ©ryatai s®tiat a .mti© r««®iif®i' for fra* 
tm«aey iii«a»iii»®»®att and ®t»i.pa»at f©y ta^aratw® a»a8W«* 
»«at fey plfttiawi raaiataae® thawoastry* ®bk® latt®r was a©t 
maai ia mm ®*p«riiiaat r®p@rtad ia .t&is. fap®r» 
fb® taat ekMilag.it #»©l.©«®a fey a rawofafel® ataiaiaaa , 
sta®3» ©mf- app3r©3Ei«at»ly f©ai» ia^aa ia Aia«®t®ir as# fjj»........ 
FIG. 4— IOWA STATE ULTRASONIC INTERFEROMETER 
AND ASSOCIATED EQUIPMENT 
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FIG. 5— CRYSTAL SOURCE, DETAILS OF ITS 
MOUNTING, MOVABLE REFLECTOR AND 
MICROMETER SCREW 
1^1.A pa#s#t &m th&mhy aalataiaed a% 
r©@« 'tli# liA ®f %»•••% ia^ rlgld^ 
»mpp#rt«i fi?«* l>#a«a^ tfe# #o©l.iag 4t«fe« 
I*- Mav» Itimfe maiUMP'iMeafe 
fil# «t«iiiiag wmrm it m»«A fe© mmmwt^ 
mmm'tlM w&v® l#iig^.»». »©w©# ®f •©«a4 la a ^laa#,. m»mt 
fmwpti 0i»|ratal ®t «i:if»mlaf @wmm tw© Imfuhm la #i-
teifaa at mmmmm 1.® i%i tfeittoata m4.% of Tifera* 
ti@a toy a va©«» %m%« #setl|.a%®t'-»^,. A »©'ir«fe3.a plan,® i!N»fl«©%o,i» 
tm iisAaa ia .iia«it»»» tk® fa#® ©f i« paitallel %©• 
laaafe ®f ita,® la dfiiraa Ifey a ailtJE*o»»t®3P aeraw al.®ag aa 
a*i» p®rp«ail®«la*» %& %hm fataa ®f ir®fl®®to.i? aad SQwe®. 
F@i» ®«.ftala p®ai%i-@ma ifeiek ar® »pa®®i 
aeomati® ka3X' wmrm l.®mg.^a aj^ai^tji ataails^ iia-ir«a 'af« aat mp 
b®lw«®m «©«r®® mm&- tifc® aaaswat 4l8tlae«ai»nli- of 
tfe® yafXatto^ a toi®im aiwfe«f @f stai^iag wav® a@i®8 
fr^vitas tm aaemrat® m«aamr« of' tli® soisi® wava l.®ng^« *&« 
grmtm '^® diaplaaaaaat ®&ii tea saia^ tb® fraatar it 
%iia a#ewaey vltfe nblA A #aa 'fe® foiiat, 
la prae%ie#t lii#L atl^aamtioa of aaomati® mmiegs^ la 
diap«»aive gaaaa r®'#!!®®® tli® ia%«a»itt»a ®f' %li® a®i 
^®fl«#t®A wairaa mrf tk% ©f notaS. 
f©»lfei®aa with ttst® r®t*iii»«i m&m-mf .fwrn®,!? tliaa ab^mt 
f&lrtf a@4®a fr®» »©W3P#» if im^oaaitel,® for ^aa«i»«ai®at« 
m 8i|. «» 
in of 4i#p®p»iv« 4m# I® 
iiffrmttioat aat «%• »©«!» nomwrn «r« na-
munlj 8p&««i* It i» %@ w# »©€»•• mmmw 
l«a feitlf WW imm for- wmm 3.«agt& 
whmn m%s&rp%l&m |c entf^iiiet aibotit tmaM^-
mim &T^j Ieir«x*^«X®s8.«. i«ii«i%l¥l%|' 
tb« I®wR Stat® liiti b®#a «@ tot t»-
t«»iaat4®a«- ®f ^ wt^ a fi?®®isi©s ®f ©aaly Is 
iO,d0© «!»#. p^mihl® mmw». sa»mrp%l&m ©©aditi®®*. 
fte# ii0«»&ty @f .til® wmm l»mg%h a«asmj»«»®at i«p«at» t© 
ft @m tl^«. tmlttr ®f tin# mwm 
lati# r#fl##t©^» A ®«.®3p%a»r sM4# wttfci » 
.!,#*» t' ®®iiiit &t ©••§03, »tll.l3®#t®3p aa<i with m total leagtli. of 
31OO'.*:§O0 li.ll.tsat®!'# at i» »*p3.#f«i« 
a# witfe vB&leh A is fmmi alt® -A®pm&w m 
til# t«©faai,ftt# m# f@»lt4on ®f a ataiiiiag wav# mmM 
ia thm mtlm%m a4vaa®«» ft soial poai-
tioa-» til# atafflliag wair# »yatia& tk»y«tey .fo.«a#A i3^i>#aa#a. a 
M#i"m®feBai®al. iiitpaiaae# m tfe# vitey&tiaag ®gF«taa> rnrnvi^mm • 
fit# wi^ aat ttoomA_ tfe# g^*®* a jfeagB.,.,ji«atet—ttiia 
emrr#nt la i!i«t«r#i, 4a a «aaa«iP' will fe# #x^3.ai»« t^ 
mAm th» t««eyi|>ti©a of t&«- «i,se41lat©i*, -aai i»«f3.»®t®*' f©«4* 
ti©af ar# a©t»# at wbiA ©mi^yaat «a»i«a ©©®w. If tii# aola# 
tmrml ®f ©mj*i»®at tli# a®t®i* la X©if aai if tJ»® 
g#©a«t3?|- ©f tla# a©©m«tl®®l «l«»#ata ta pmpmlf fti|«at«Ai 
« m. 
%Ms is- •© swsiti'ir# tliat p@ftitidiaft $m h0 lo* 
eatti wi'tfe fi»«©i«i©s 0f 1^# ©riin» ot tM l0&$$ mml^ ©f tli« 
»i«F©a«t«r., 
s#w«d ami 
Mm«% fmifilJl- ' f®i3l#iiiag iNii|tt|.i»«ai«a%» i» ©^«a? tfeat skaipf 
panics ia arfiial !>«• flaaa • @f 
#a;^ m»t ba flat %@ atemt #mft ©ma^kmdrail^ &f tl^a to'iiie 
nava lajig^ la tlia gat, ftoi«y *mtt tea pai»a3J.»i t@ tea 8«a^' 
toUaifaiitat f©.3f ail f©aifei©a« ®f ^a »aflaat©3r« fha«» ra-
.fttlfaaimta ara »@«t ia*ai»# wlaam ttoa telgi fFii<imam@y e«^atal. 
ara rniad* At a ©f lf©0 'teet -aat far a 
typical vaioattf ©f, aatari pm »a#®M, -tai® aeomstti waira 
laagtli l« l/i alllt*atai?* A af a wava laiagtto 
la 0qml t© aliant twlaa tto 3.»a«t ©©mat of th© .mi»mmetmrg 
©»• afe@mt few wava iaag^ ©f aoilm 3.i#it» l&mi- ©ptiaal 
t©l#3fam©ai me r&-mlr0€0 
1&.« faflaat®.!* i« ©f ttaialag* staal.# i>©l.l8feat ©ptleally 
fiat* iaat i»a»mlt« a*^ ©fetalnad. witM. tlia fet^taj? f^tfttamay 
efystaia if iite#y to© a?a f©ii#|iai ©ptlaaiiy fiat. A©eaftafel© 
»aa»mr©»eat« aaa l>a aaia-, aa©tt»tia afesarp^ 
ti®ii la aot axtF8»©, if ©Fyatai# wit& atebad awfaaa© ara 
m«a4J, It 1# tmita a tifflemifc .mattaF t© fiata ai^etroia© ©a 
ei»y«tai# witb p@iiakad fata©#. 
. fraifitioa ia .»»#© f©^ ai|mgtiiig paraiieiiaa featwaaa 
»0iii»ea aM i^fia©t©F* tafeia ©a wMm m» ©ipystai ia 
§4 *. 
ttoimtdd Is itleF«®%«r wmmtt ^ontml^ it« 
nftnlfife «F« t«s tk« WQ&». that si^p«>apt %h<$ %mhl% tT®m 
tta® lid ®f febt fe®tt Mim fe# mp %ii« 
©ryttttl 1« drlv®a tm «lr. 'Wmis at a B®d® and 
fe# ^i»»« «i#»fflat«Fi adjmatad't© giva w«iiaw eawpant 
tfepoia^ ai^italf featiag aa'fcafeliakad. • 
A wiadAlaM mat fea pi»®fii«d f©^ ttila adjuiftttal, sin®# 
aXfgbt dr&fta-^'-lis lii.# mm. pi»©dme« iarga aiiasgai ia t^a m* 
%m9iL'.mrmn%* If tlia ra^iifai- iagraa pa,m%l»l±m doaa, 
mot ajEiit# tiia paaka ai?» >'r0«d«aad 'mmiiimmiiilj fea* 
eamaa .0f tba da-tming of ^ a^ ala®ti^«*a#$matiaa3,. ayataai« and 
t&a aamaitiirity «»f waw datai»|iiati@ma i« «ai»kadly / / 
di»i»ia&ad* 
Wot all pmitimm &i tMa rafiaat®?, paralalia* witli 
ma a^'urta Mat tia lisiataliiad* ~fha impair raflaatoiP^ -rod waa 
fraeiaiom gramud la ©rdar that It algfctt fea driiras a 
gmida at tba lid of W&% taat • eliamtear witfe oaly 0»O0©1. iai^ 
alaai?aB®a» ®feta diaplaaaaiaat ®f tta mytair and of ^a raf laataf 
jpod fey tka miawsaata# alida aaat tea ia "liaa wittoi Mia rod. 
ffea alida ia .mumatad ia a ^©iiaf witfe i^ial^ tM» 
adjmatnant aaa ^a mda.. S%a dataila of &a ttiafonatar 
aoaating ara illmatsratad im Fig# f. 
t. J^anmapay «aaamgaiia»t 
falfair a»d fialtasiaia* paint ©mt tkat tha vi* 
* 
teratiomt ©f a?® of Hi® 8.a»i fr®tm«mef 
iit iriflag ©wr»at|, feSs Is mt %Pm« ia ^atpal 
tm ©tti#r F©^ m®r#f©3P#|, Wm 
mm hm mmmmi" hj pieliiag up la a «t&aS» 
sm4 mdl0 mmmimr lfe« #a.*#%3ri®ia. fi«©a. tfen memw tafe* 
©•©la^'lat^r whi§h 43?iw».$ ©irrS'tai* m&mirmr i» 
%wm& ',%© fell# ,,3ps4i# whmm mwrimw twrn^mmf m»% 
mmmtf mtmhmw *k® mwfBMl twrn^mmf^ m lyiwi^mie 
tm a*iiitol« l>®At a©!?®, mm %»•• &••**€* • -fife® fe®at mt® fF®^«a'®y 
F®pi?«*®iiti tiff«reae® fe®tw®®a „th®, ©lyatai fF««im«a®y 
@f. %hm imAi® ta»ri®p* It i» ia»»®iir®4 hf m&mpmvlmmm 
with fe® slgiiai fwm, m ®&l.ibi*a%®t aMi© ©s#illat®r« 
tt if .ii®®®®«aigr, %0 as«®rt«lm %hm ewfmtml fi?®* 
tmea®y is mbmm 0i» mi mm mMm' »8»i«r.*' A aiaail 
©afaeitir 1® taapoifasrili' mhmtmA mmm %hm I,»a4» to tk® 
eji«3r«%al. In t«ww @f th® e@av«a%.loMti »^iii*al®at elrcmit 
for a effilal it eaa te® ®to®iim tbafe^ tli® ©.fyatal fjf®-
^memy i® l©w®f®€ te la®r®a»# ia pit A of 
til® aniii'X® l®at m%m ^®m imtiaat®®^ axutfil.®# that 'tli® 
mwfmt&l fip®tm«a®|r ii b®!®* ^at mt tk® #ati@ mmmimr* If 
fe® ¥®at a®%® it 0f ^atfc®ir a«ii®, fi-etmaasf, it i® «©«»• 
tlffl#® po®®itol® t© fe®At a©%®« In :%w© «ija««at radi® 
fe&ai®# fki® p3f@ifii«». ea aitar^tt® ©f 4@t®wiiaiiig 
ifk«iai®r tii® a^itai fif®tit®a®f ii afe©v® mr fe«l©* th® fr®tm®a* 
ay of a giirsa raHi® ®ai»«»l®3P, 
• @s • 
In l&e 
mintaia ®jyrri»r mmwp&%m t© fifty pmyfes iia 
m of %& mm 
pari im ^,0©® ar#. tkws fo»:Sil>l# fey %h» afe®?® iwfela@4.* If 
ttet hm% a©%:» it Qf reliitivtiy 'hl^ fit eh, mA %li« ©ryitai^ 
fy«<l'a«aey' i» <s©afai»afelir«iy 1#*# tfe® mmmmy ©f fttqaftaiiy 
a®&iii]»®]B®m% i» sQ»®vtet' l®si« 
3* lityateai® ®'0-mp®®.» 
F@r fy«tm«a»i®s m$ itoi«ii •ia.li»ii»@.ide, mn&XXf 
&mm9g ®©air«afei©aal •©wets ®f «©ma4'«j*e ®l.tfe®r mgjwito* 
tt3?l«ti®a o»«lil*%©r« <ir FoiP/te-li® I®wa 
i»%®i«f«pfi^'l®i* »®if®ii **®mt ©ryitaXs ®f th® fol* 
Iwlag fif«;fsi®is©i©s fcip® mi«4t 'M§g Jt©* §00, 80©^ 1000 
iuai 3.500 iE®# fto^® •erystftj,® &y®' all %*© imhm im ai«w®t®p s® 
%h«y &m& %#• lafe«p«toi«ag®*My ia « siagl® &®i.i®i»,, fii®y 
ay® d3?iv»» im %lt®ii» ai©4® @f *ifeipa,|l.oii» tmw iNtei*^ 
eleetrO'i®# &r® ®*ap®».t«4 sa. fe&e tw® plmm fa®®«# 
ffe® ®,l.®0tr©t«« air® ®f g#li t® i»®ai«t %hm «®ti®ia ©f eoifif©iiir® 
gas«8* 
•F@i« alfcraaoal® wei*!: ia §*«»•• W® m&m%i& mupXimg fe®* 
tii®#ia aow®® amd maAlia* i« »® pmw that .aiiffi®i®at p®*®*" ®«a 
fe® ©'©avaiiiaatly Aaliwirftd %@ fe® »®ilnii eiAy if tk® .••©Hi'®®* 
&m ifivea at tli®iir ifasQuaat ff®tii®a®i®»». &ma ©©tttiawma 
t*Fiati®a ©f fr®tm®aey i# a#t f®®«itel«* F®r ®a«li fr«tm®ii®y 
. if •• 
&% stmilti art *ait» a Aiffti'tat s©w«t aia»t 
fe t 'mtt i f  
t#gfe» wmm eoai.m©tt4 %& itttwiat tli« bt»t 
m%hf»4 %f 'liiitfe' %©• a#m% tk# ©Fyatais.*. iasy 
al>i3.ttf ©f »©w««a mm italrt^. • Aa^.'t&t stasltivity 
waTt Itmgtilb Btaam3rt»«nta taliti fes> a mlM>mm of 
n©i»t 'fettwtt^,, felit itaia t® tht ei^ataX m& tkt platti 
ti'otta Qt tfet, a»fi*al» 
• • 1&®'«0at aatiafatitff at'Miei fw. aiumtiag thi# ai^atala 
wm^ tQW&i. he %h% %l^®'t%t ©f tai^ ©i^aia}, 
•ami: ia asiai. pla»t aFt 4»li,i©t lluptt ©©alaal ti^lta.#. 
ifatt# 3.^©®' ataift# Wr&m taefe ©f .fe&t ©itetroita ia plafeti a 
tfe*if ©f eosfeatimg aattrial , a tiapl© ©a tai« • ®i«t ©f Hat 
©ryatal* la wmmMimgf tM« ©tgralal la Figitly In ifea 
•ii©4al plana, fef m% mwmw. wto.l©li aaat tu tfe® ilaplaa# 
two ©f Hi# aa% «©3P»iia tii©3?#l»,y fmraiafe alaatyieal eoafeaet nrltfe 
til© ©ryital^ eiampti 1« tli© metal pla»a, %h% sj^atal mlaiP-
g©«a mlniaim daaplAi. ita 
fli«., aa% a©r«»a yihi&h fe©i€' etyafeal. ay a a©«»t®4 im 
.tairae p©a%a iPigldiy sat ©a tit© ©yyatal asmtiag. tatela* ffea 
taW©' ia ©f traaailia, aa alaetiflaal iii8mla%©F.# ll©©%3Pi#ai 
laaSa %© ^tka ©mtaMa &t tk© ©iian^a'S"'ax*» paiwiiiaiit2.gr faataaad' 
io tlia tir© p©a%a ifb©a© aat a«i^«a laalra aiaatJe'leal. a©ii%a©t 
»fl^ ©yyatal,. ike laaia ajp®' i®aia# lm%& a glaas tafea 
iAi©k paaaaa ©mt ©f to© waamm taat a&aiatoar am O-riag 
» fo 
%•© to# liMeU i?®t 
pms-m, tte## a®.«ttliiig pmt§ mm hl^ to 
til® ^io%.%®a fm®» ©f m» tryital aa imtk tk® tuli# 
®» liiitfe m* p®«%i mm ««%• Im dl»f#jr«iv« ga««» %k« &l>8o-i?f« 
%i#a i»- .gr«&t of 
«a#riy fmrn tli® ,a»«®ttag tatel®#' 
If tifesoi*ft,l®a is aci4©f«,%«g ©awgy freni 
fcto® »matia.g tatol© i».t.r®mb2.#«®m©# fi»©irtii©m i» tli©jp«f©r© 
aiai© %© monat &© ©jpyitftt fey J.©|*liig it 4ii»®@tly m tte© tabl©.,. 
«. fl©a® el«e%TO4® fe©i^ iai©f®i. ia tia© %«!»}.©•. fsr %h.lm fw* 
p0®©« eoatfaet witfe 1^© ®l.©©tf®i® la %hm wii© 
toy ©t®©l .©fringe ffel© i« %&© laellioA i©©«yib®4' by f«-lf©ia? 
©ad: f i©l®ai»i©p» It ii ^ »©%i«f©#t®iY Mh©».' afes^i^tioa i« osaiy 
»oi©rat©, lJ«#*««© gi»©m,'t©i* e®al*et, m®i»« *t Ife© erf s%».% «1®®» 
tx*@4®© ©an t>©' %itl©f>©t©<i irli^©ii a Xftrg© ®f ©am l»© 
4®t©©t®€ f®f mm lm$%h 
h:* Q©©i.3..-i»%©y 
fk© • iil$i»«s@ai© «i?fat©i :s©*i?®©» mm 'iriirda 'fey a vmetisiii 
tmto©. @f %li© %|1I« A©ir©l®p®i %y i®©l.l© 
©seillaior- i« t©©etit©4 is «©a© tetail toy tlfiJl),. nfe© 
sttl»pli®« th® «ir«mit €titgs»«uB* 
S%aa€iag wair® mi»© mm 4®%•©%©€, witli tM© ®s©i3.1®%Qf 
a«t®i»iiig Ml© pl&t® ©mi'i»©st ®f tk® •©©mm Into© liii^ driir©© 
til# ei»y©%«,i* 1, iir©©* ©aj»«at al©TOaffl*«%»i!» wifek a full ®©ttl» 
• f 3. * 
it «»«i, ia*ll siaiti^#® A 
ia ^lat® «w»aat ai?# ¥f femeliiag ©mt aoat 1^ 
tfe® witit a toattaipy, . 
fh.# teaait #«si^ ia %& pimwM» a naximim 
eltMig® ia plat# ©tiwaiit^ Al^#, tm %)m ii.ffia®»a#Bt of m»,r®* 
flaetor fmm a givaii 3a@ial t-o a givtii aijataafe aatiaoAal p©* 
aitioa im fehia ayaia* ©f sfeaiKlt^ wav®# %at*e«a «@w©® a^ r«* 
fla©%®r, ••fa.irt ®f tfaii .r®tmti»®w®:a% ia mat toy aaiataiaijgg 
atyiet gaipaXiali» ¥»tira®m sony#® amA i>«fa.«#feog aa AcaagilaaA. 
al?®y»» ami toy maing^ ^ftlaatty flat awfaa®# oa tliea® ®3.®a«®ta» 
f fc te  seaoa i i i ta ir  «BMit .  f e® l iy  fQpt i» iaa*  
tt.®m of fajpawatera im tli® vaempii tmtea oa<iil.Xat©i*f and 
[gj Miaigdaati#ia @f emf^aiit mlsim feii# mt&mmmrntmrM 
Wil^ aafafml, att«i»ti®s t@ iBfeaa® 4atall,aj» aanaitivity of wava 
iangtii ii»aami*«ii«ati ia attaia»t ufaiii^ ffQVitaa fi^aaitioa ©f 
om pari la l.©,0O§ wfciam i»®lasati:©m aliaorptiom i« axtrama. 
It ia pi?©%ately fair t® aay tliat tfe® t^®r®ti®al teaaia \ 
ro, op.^.Uo. O. ... 
fttlly iyiii«i?ft©®t ia tfeia gtmiy# %ti»i»ati®m of tli® gain ®f I 
tlaa aireuit i» not what ia i?»iair®i aptaipamtly# trial aii4 
arwuf ®«iibt#€a. poimt t® Hia fa«t tkat -Ai^ attaima ita aajtiiR^® 
valma i^aa^^«^£aigi #f tka elgemit ia. eompai>atiir«3ly iajw#,. 
For aos-afesarteiag gat#® aarti as air» it. ia peaaitel® t® attaim 
valmaa, of Ai^ wltil^ ai»» r'&v^0^w 1^0 par ®®mt of at a aod® 
afpro*i»at®l.y $Q- wave laagthi fmm tlia ©ryatal a®we®» 
- ft -
I@ia# flat# tiirreat of thm vmmw» trnb® 
trlilefe 4iPiv#t %h# »»sfe fe» b®W I© « aiaiawB* Jk bat-
taiT- flat®, aa€ 8©p««n foXtagas, aupt tka 
tmlJ® ay# ©faratai fmm atei^aia feattartaa# lira 
^ faaiateFa and -itiaa aapaai%©.i»a a'3?a: .maai. tiia, 
©aal3.ia.t©jp taataat m#ii® ta 'Wiya^Kitmaii petanfeio-ii* 
atars is 'ObJaati#maMaf an# a irajrialila jraaia%^am@a li»x nmst 
Ija ttaa4. ia aariaa ifitk ^a tealtajpy imfpMaa %ba biieliiiig 
mmr&u% tQ ^a miarQaamataf#' MaaiFiaai' eontaat vitb. tl^a 
alaatrolaa' ©f tlia ai^atal amat 'tea a*#aiiaat«: 
»aaa'ttj'«taiii 
f l ia  pr ine ip la  Aai^aMaaea  ®Jf  t^a  "ra loa i ty  @f  ao ia iA  Imt im 
iiapai'iiva ,ragi©m oa fra»a»a ia ttot 4ma %o tlbta prasawa 
iapaadaaaa ©f fcha ralasaticm tiwa ^ for gaaaa sfitii aoaifaya* 
t iva ly  larga  l iaat  aapaai t iaa#  Witpw&ml&m ikX)  
aat ik$) »hm t&a iafaataiiaa ©f <9- ©m pyaaawa. If ioubla . 
aolliaiaaa ara aolaly weapomthl® f®i*. vlliipatioaal axaitiatioa, 
(9- i# iufaFsaly propartloiml t© tiata praatmraji foy tipipla 
aolliaioas, ia tmmmXj %o %h9 B^mrm ©f 
tba praaamra. 
lrF@i>8 in px*®aaiira imtpodmaa largai* imaar* 
taintiaa ia maaamrad ralaacati^a %i»aa if %T%pt& aoiiiaioaa 
ara i?®8|j@iisifeia t©v vibFatioaai «*eifealti®ii ^aa if €®abla 
©oiliai^iia ara* .If; tripla ,a®|.l,,|Lai@Ba a3?a aoiaiy raapaaaifela. 
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• f I. • 
%hm' wa® anSaltalnei at foi»- ail v®loe4ty 
d®%®iwta*fcloiiii# A mmtmn% t«*p#jpatnii»« MlSfe waa 
m® l«ap®i»atiiy«^ 0.f wfeieii wm ©©ntrollad' fey a .I^llaialpMa 
Stitatifi® QIaas 0Qmp&^ memwtf typ®^ l®al was'' 
«afili«d laj aa iafra-rti laap., aat iifa«a 3P©©» t®i^®fatmi'« waa 
ab©v« IT #0*^6 ®®l.t wat®!? waa a4t«i. «©a|iam©mgly t© t&« tea^,». 
1^® t.8*p®Fafemf®. ia tto® t®a% abamteai' flm®%uftt®i i«as %lmm 
0-,Ol.®'e Willi tiiia A ataaiari^ mwewpiml lalmra*. 
1;©,i?y %h&»mm0%m marMat ia ®f -Caatlgipai®- <l®gjp«®t • 
a®aaw»f'felat® fit® tl3i«3r»ai»®t®y «a%®ye4 t&® vmmm 
eliaafear felup©^^ m. @»Fiiig s®a3i# 
• faaww. ayatam 
©»® t® %lie «ff®#% 0Jf tfa©® ®ata]|.yafca» tk® 
a«®mats- ©f iapi»l%i«« la tk« ga# mi®^''%»»% must aots- to® greater 
%haa abomt ®a« part ia a ailiion* atwii®® at ata©8pto«rie 
praaamr® it ia %& ©mamat® tto® gas «fat»» to a, 
preasw®. &f' ateomt 3. rnimmf aai .t^an t® tMoromf^iy iagaa^ Mi® 
t®at ®^aa%»®ry b®f®r® tli® gas t® %>® t«at®t is atiaittai t® tti®' 
eh.aisb®3p# 
Jk tw®«atag« mealtamifal ira#iii« pump is ms®4 «ril& Iowa 
Stat® iiit®rf«Jro«®t®a?. The gas lti3,»a ar® ©f atai»i®aa at®«3. 
tmfeing# lajp®t#at paalElaas 4ia|?toaff» valves ar® ms®t t@ eo»-
tr©l tto® fi®w ©f gaa«a# ovaa abowa in fig* % is tt8®i t© 
d®gas tfe® t»at ®liaate®F» Its t«iBp«s»at«r« ia e@atr©li®d by a 
• f f * 
Browa typ« \m%%, telf&tr and 
:at«t« that d®gai.*teg .«ArM®i omt a% !«&«% €S»ii* 
tigrat« €»gr««» *fe0f« tlii® at wtoieli testa ar« ,%# 
fea eoa4m#t«t,|, «a4 tfaat tl»aa mp t© '|.fi -k^iMPa «» 
.Ixtaaaiva .taata tba .vmwm srst^Mii wit^ a iostaoIliataS 
halite laali, €®taat®jp- sfew that.iiitto. all laaiia allataatad, tha 
aat^aniaal m^mm fwf Mimtai»a tba antira gaa ayataai at a 
|n»asami»a. ®f 0.2 liaaka ara iailaatai if this praaawa 
ea»a®t tea attaiaai# Ikas tha pmp lament ©mt tfea aysta»# 
tiia p^aaaara ylaat t® £ mlar^a in' ©aa. fe©tiar. ttia ia pra* 
8iM&teJ.y- dua t@ gaaaa gifaii ®ff l&y aoap^aaaati ©f tfea gaa 
ajataa uliieh Ma ©mtali® tk# taat eba^aft and ifeiefei afa aojp-
^lly n©% iagaaaaH* Simaa preparati©m #f taat gaa aaiaplaa 
ami tiiaii? iaoiafeioa ia tibia taat akafflbaf ia QW^im&rtlj aeoom-
fiialiai im laaa tl^am ©ma it ia fait tb&t taat aamplaa 
madarg© bh'.aaifiema ©©at««iaation durii^ tkair traaaport imm 
tJfea, at^i-aga ayliatara t® t&a taat ©haiafeajf# 
A iaaaiaatiJQg afciaAt^ar ia iaalmiai Im tMa gaa ajstam to 
ti?f tbi®ip®iig|ily tteaa A g&m* whlA m& p&r%l&vQ^&rlf mmmp'" 
titela t® ®©ataaii»ti®a toy watar t&p&w* ^flteaaa %& h» 4iria€ ®aa 
he 8toi»a4 la thia aliawteaf fair an iaAafiaita tima ia aaataat 
ifitk powarfm Saasiaants lika pM^spj&o^ema fm tiia 
8tm4iaa i?af©.rtat ia tMa pafa^., it waa xm% aaaaaaaj^ t© maa 
thia shastliei^s 
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aalf tvtmn All mixMmm of w@jpt tm &% & given 
h^tom %hM- was ehajig#4# Fof »sftsw«* 
atafet ai %htm 4S£t9mn% laat# ©n a given. tjp9 ©f 
aixtmr#., separnt# g&s »ampl»« toufi to pr@|>a^«i., 
I. issi-sisa: 
Ife.® mi%mm •»!€« ma«d^ - at gus A fei? Iliit stmiy witi' 
fey- t to .® §®mpmj0" It tosktmiaei •iipps?o,iEl.fflat;«l3r 
• /  
a. p«i» ««at aiti»0g»a ftt. &ii tMpmrity* As It mt nitiifiraifa, trm 
it# eyliSMi#? tfe® gai wm vm_ throu^ « liftiW ©i^g»ii tr*]^. 
fk®' aiiti?©ms' ©jEi#® f3P©«® tli®F®to,, tn# iiitr®g®a wa» tb®a ©©»,•• 
p3.®t®ly. fiMpei 1&® ga® t&w pmrift®# wft® f@wst t© ®©a» 
t®la m«gl,lgiM® iMfiiritl®** 
It t i®,  a l tP®g«i»  m»®€ a® ® »  ga«  w®# i®tte®foa»»  p . i?®pwif i®4 
grai.® ®ontaiii®S l.#s» %im& Q*001 pm m&t of ami 
o*|rg®a, fh.® &wgm. m» &1®® • »mff3,i®i hf 'lafe®®©®. amd ®oa.* 
t&i3a«t Q,.||. p®r t»iit mttmgm a®' *a iapmrlty. II »&» a®#®®-
Bmwf t# ®©»«®t f©,!* tk® mitm% ©f this lapwity ©«• tk® mXm»^ 
^©igM ©f ; §m thv Qf «tmdl®« wl'th. iilt3P©g«a 
«® ® B typ® m6i®®ml»» tfae altr©g®a impmltf in affoa ira® 
f©mi • t© kaT® a »®gligi.W» ®ff®«t m tJi® ip®l«*ati©a tia® ia 
a^fgoB «laett»»®» fte® &»lt« was 8»pplia<i by tii® Imraam ©f 
« l a ® «  a a i .  w a ®  f f f ® ?  ® ® ® t  
Mixtrnr®® ©f tIa® a®sl^t eoafoaitl^a war® iwiA® la tto® 
way# It wa® a»®i»®t tfeat ®©a®®»ti?«ti0a® &t t^« 
. fi . 
wme %© %h»iw pftr-feiiti pi»«iamr«s.* 
SltTOmn w&s %Q til# ©few®* 
hm %© partial ms i wm» %hmm mM»S. 
feo tiriag tk« total pr««»w® t© mm ffet gft»»» 
litre to 'oix Mtimim' f&r, &ppr&Mimmt0ly 12 h&wpM 
to mmpM« mixing* • wmm t&mi 
to rm&h witfe t«i^®«»iitiiF» coa» 
tP0ll®4 wm%m^ te®^ la « s»»3.1. f»®ti®a of ih«t tia®# fmrtiml 
fi:'®««iire# w®i»« .wia»mi*®4 ob t&® • two ii#t®f» f»tafe® 
It i« «»ti»at®t «^t t^ ® ®a««rt®iatr, is- e^ fosltios of »1e^  
%wpm «*4® ia tfeis way 3l«4 t® 9wwqw». la ,aol®®al.ar 
waigtet of only a t%w piurti in to avoii- eiMtO-atlY® 
«np©r® la tte®^. ooaeamtjpsitioiii ^ # a mm miMtmm wa» pr«taret 
fo-r m&. Mitmwimt eoaeamtFatlom of 1 »tmii»<i« 
!• y®2.#®itir ai»a®»effli®»ta 
In mi^ mixtupT'® io pwmpmmi, a ir®Xo®itf tt®a®mi>®M®iit vaa 
mt® in tb® fo3.X©irii^ wmf». fhm ftii?lii®st m€» tw&m tli® aoux*®® 
wa« i©#at®d foap lAi&h tli® i«»«itiir4tf ^ of tM® »ial i®t®®fci@a 
ttotol^tm®' wa® ooapatibl® Wk@ ianfitiirity of tli® ai*-
Mw&mtmr Bmmwrn Ma.®!?® tht® »®a®wf.«m®»t f®3Ll in tk® miMl® of 
the ii®p«raiif» rmgi&m-g «meii a laod® lay lairmjplateiy b®tw®®3a 
til® tM»aty*fif^ aai. tkirtlatk* -lalajaitioii afeaoj^tioa- wa» 
s«T®i»®, ant Mi®® fwtli®* tmm tfe® »©w@« ®©«dL4 aot h» tis»i. 
fhm tiftame® l)®ttf®®i% 1^® aoi® to m.0. tb® taa^ was 
»«a«ur»4 %m fb© of tfe® 
im4, fe#«a so pai-fatttd '^afc thi». h9 fouai wife 
a ®f ©«« part la 19,i0©« Wiaa afetoiPtfeioa *»• 1«»» 
a®ir«i»«, liigfeaMa featwaaa life® flftaaatfe ami m® 
©r b«tw®«ii fell® flfteaatfe aai »#¥®iifeJL®tfe|, »©€«.» waa a«aaw®(i« 
fh« fr®tm®s©f *a« 6©a«t«atl|^ OwJjag^ m wvm 
wat. It iom.^ t© vai^ a dataefcafel# aaewat. m® illiteaae® 
fe®%*«®a b©4»s *aa maet %m .©©upttt® tli® *av« imgW^^ aat tli® 
•©loei#!- was ftal®*iiat«4 .fef f©i«S.iaf 'ilk® p.|^4m®t • 
3* e^grasfeiQiii 
1% lia»'l>®®n fee rnmprnwlmmm ^o»« wh& 'h&w@ wadl® mltea-
i0iil® t9lml%w immmmmmtB mit% ae^natt® 
thmt staadtag waf® a«i4®a ai»« ao% JLiafariafeiy tpa©®4 aeomtti® 
h&M ifa-r® laagl^a apart. F#ll@wiag fe&® of 
llthard® C 193^5* tfe® atomtiie. f i«M ia. feia,® t®»% «:baal>«if naa 
t&apafoy® ealito,S'at®4 fey m®asmF«i®att ta j*®i«arii& grai® aygoa.# 
a aoa-iisp«3palf« gas, witlfe %%& i©®, aM i@0© k« aowe®«.* 
f®l0«i%f «®a®mf«ii®n%a ta iJ.sf>#]r»l.v® gatei. w®i*« eojp3?®et«€ ttt 
i^ama ®f tti® a®a««r«»®ai« i» aj?g©a* F®r a glir®a (|i«p®p®iv« 
gaa a «®»®©ti®a" waa applt®i f@r wtel^ tk® aeomatieal ,g®©«-
of tfe® eailtor&ti®tt *©«% tt«ar1l:|r that in th.» 'tia-
paipaiv® ga® , 
eaitfei'afetoa ©f %li® ai©tt»ti« f tali witto,' argoa proirt<l®4 
atii»ltaa»©maly a aali^Fatioa #f ttat® »ler®ai®teF atipaw,. a elaaalc 
* 
of mmmpm&n%0 imi, & '©Alibratloa 
of til® t#ifc t^mhmr* ffc® t»ap«r&tmi?®' e©si%.'i!*©ll»S, ii»t®3? "batli 
fe®lfi, flmetrntSoa® t® rm^lf Q#$l gfiatlgyai® i®gi»««, tomfe 
sl^A^oIut® wtihin 'tk® sliiLiii^Aar «r®« f@ma,4 %o b® 
27«lS'^i» ®8 IB®«®iii>®4. wiWa. & ®tR.a4®M f®slst®a«® 
««lifertLt®t a.t %h9 Bmrean ®f StaaAuf'ts,. 
fk» »ff««t ®f ateaoipptiaa oa T«l@eity naa e®ri»»©t®t 
• ® i .«®r®t i®ai  a l9«®i*pt£oa  e i i t f®!  M#I*«  f ros  i 'M)  
fQT «a®fe %fp& ©i ffe® appropriate foaltioat of 1sli®i® 
®iarr«® al®ag tb® ft»®tm#ii#y axi® f®^ gl'r®a aixtw®® w®*-® d«» 
t®w»S.ii®i %& a g®oii appr®xi»tioa fr®« *®a®mip®4 iralm®s 
©f f«ia@i%y iia®oi»r®®ti®i. f#j? fe® eff«@t ®f afe»®rpfcioa* falma® 
®f yy •read ff@M ,1b.® ateaoi^tioa ©wr®®, pip®p®i'3.y posltSoa®^ 
ia fi?®<im®sey, if»r» tliem ms®! t® ®a3,®ml»ife® 5 • Bi® »taaa?®# 
®f a»aiw®t p^as® Y®l©®iti®a if»j»® mltiflJLai fey "5 # 
. la&l ga® tjahaviop was talE®a. into a©e®aii%* Si® lb®feairi®r 
of a ga» mixtmr® ®aii b® 48®#rlfe®i -Jpathe^r aeeuj?at®ly by »3i* 
praising feiie ®ff®©tiv« iraa A®!*'¥aal»®, ®©»®%aat« ®f th® mix* 
ttti'®, astti la %®i«s ®f tJi® pfttfeetlv® iraa i®^ 1tfaal«i 
®oatta»%® ®f tb.® ©onsfcittteata* tlasafcoa® Cl.%0, giv®8 
f s ;^  =  ( i - ip iK  +  
t»m = brt + tj? bg * 
i^®r® ij) is tte.® parfcl®!® ®®a®«ati*atloji ®f ga® B. 
^ IQl 
h" timm tmm 
aini.s-ig>«wii>fe» ' 1 
eor3P»#t«i veXmttf w#i*# m«#i fe© lo®at« tla# 
afe iteieto laf3.«©1»i®a poiutt of ir»io©|,%y 
eiiFv®® foi* lli® mMtwtm I.»y# froai' 
y,^ ,P the -tl®®# §alevl&%#€ maiag 
It »t» poiiifel® t@ i«%®»l»® til® fi«®tm®a®|' ^NF for & 
gi¥®a aixtw# with m® r»%iiii?®i by gmpM&e^l a®&n»# 
^•^t® was •ion® ia th« f^liowiiig • Vi^ 5 ^ ««ptal 
feh® tti®0y®fei©>.i iiif®r«i#a ©mr^f® for the r®«l g&» mix-' 
%wt9jm§ |>l#fet®A mtias C'2Q)» r®litJiftt4®]a tim® fe®ing 
arbitrarily »®t %# s«©#ad im tki® pmn>®#«.' fk® 
ir®l©eity »®««mr®M«al8 ®t ®m#fe fr®^®a«y wf®r® ©#rr®e%®a f©r 
^® ®ff««% ©f &l&®®-n>ti®ii.*. Ami, fm ato0rr«.ti®s» ia tb.® aeomsti® 
fi®l4 iiitieat«d fey the #®libr«tfioa wi^fe ar$®a# 111® v®lo®-
ifei«8 f© e©rr®®t»4 w®r® pi®fet«4f sad' tfe® lii«®r«ti®«l di»p®r-
»i©n ear*® for Ik® r®»l gus vm 4i®pla®#i, mlmg t^® fr®.tm®a®y 
ii«i# t® gif® til.® fe»»t- fit with I&®- tfer®« «xp®riM®iit«l |i®iiit«# 
•fh® fr«t»®a®y th® iiafi«#ti®a p#iat r®«i fr®ai 
the 
- wz 
I?, ffismfs' 
ffe® • atrnmr# ©t im rml 
argon'g&t at i» x att«p«Vs®«<»aA^* Isaamra* 
mm%»; ia. arg#m wi%1h tto# tot# m9#t in tfcuis 
ai»«'. iteom - ia fatol® §» ffa# Qba®r^t4 tmlmltim «*©#«€ 
jfatieal vaimas hf t©ii#ilgr ©»® part .Im s^Maw^fc graatar 
iayiatioiis ©©emrriitti aaar tiata. #w^a«« ®f t&« 100® ke iowaa. 
Afe©a% Qm f®f til# #b#ai?wi iaviatioai ««« fea attpifemtad 
t© tt,® fatt that tfe® im tlia taat ^amtoar w«« 
Q,X% ©aatlgFaia'• i«.gyaa ate©?# 
flia Faal pba## va3..®®ltias f ia tea iiiparaiva 
gaaa'a attxiSiai art listad im tba firat of tabla 4* 
faa.©#itia» cofraatai f#ir %&• aff»®t ©f a¥t©i^ti©a ai»a 
'ia tMa a#lwwft liaaiai. la'^tfeia latt ai«a 3.i»t«t 
tIjMi' falmaa' of ;S©©waatai" Jfti? .-tk® afeayratiaaa. of tfe# 
a.®©m«tie..flaM iiitiaataA tef't&a n^aa-waa^iita im arg#ia* 
Kaaa^remaata mda at 1.000 ke in kaliM...»ixtmfH»s 'it«ra. 
fliamatariisa# hj Mg^ raiaxation atoa®rpti®a« mmp&m* 
tifaly iarga 4airi*ti©ai fr«i tlia^ratioal mlmaa #f tfcia ira-
I'Oaity ia arg©s near th« awfaaa &f 10§& k® 8®ai»®a a^g* 
gaat a p<»s8ibla ixitansiti^ affaat* Xt waa fait that sm@h an 
affaat womid mt fea maifatt ia haliw »i3tt«ra«» i^ai»a ab» 
s®ffti®a waa ralativalf pi»0a#mii@ai# Cowatmaiitiy, a mnifow 
cQwa^tiem ©f l8 part# ia W,QO0 wa* afpiiai t® at aaeii 
* 103 
In aistiirti# 
ffe# e#r3Ni®t#t mm-ammmtB iittf# b««ii |»iott«4 
#11 fell# gspm t^ ta Figs. 4 t© iS wiHi, ©p«ia ©ir©l««, 
• %h% #jip«rla®atftl paint* Imv© hmm i.rmm tli»©r«tl©al 
,r«al ga» wmpmly f©sitio»»4 al®ag, %h9 
axis %& giv# hm% fit wife »xp#i«jL»»atal 
Ifiog ©m tJa® .poriioai ©f ttea ©wvaS', Itava !••««&• 
favertd ia fltfeiag emswraa. M%mX ga» • ©iwiraa 
fm sm&mi ar# aia# .^wa* fhyom^i tfea' 
liyflaetiQa p®tn%» ;0t tba i€«a| gas -mm Sjfaim sliort 
horiXceatal dasiiai. Slis^%l,y laft aa$k raaX gas 
disparsloa e«a^©-i»^' »ai»li«€'a #i»sa,:ilit@^ iaiSta-bas %%& fT9^ 
quency at.i#i#i ^a iiif3.«©%i©» f©to*-: fcb® #©w«ap®a4iilg 
iiaai. gas falls# Simt® tba-^aal, .gas ©iift®s ai»a sli^tiy 
asywatapiealt^ fcfet®, ijaffaints ar® adt »iai»Jf®4 &«*•»©». 
fk® ff«^«iii>i«s >;|sjp ar® list®d in Tabl® t» fh® iralm®B 
®f aaleiilal®! tSiarafi'®* a» als.® skoiWi*' iia©® tfe® aali*. 
feratloas with ai»g®a ia#i®a%® Saviatloa#. ®f aaastiyai, f»l®#iti(»» 
fF@m>ik»©iP®ti#aily pi»«4it%«4. mlrns ®f ai®tt% ©a® part 'im 
100O» 1%' is f«it. tlia% til® ^asult&Bt emwm%im intratmc®* 
waai'taiati®*. ia .i?«la*ati@a tia®» ®f, te®lif«»» 1 ami ^ p®i« 
eamt# 
Ja fafel® S ar® sfedim valtt®# ©f 0^  ^ ealtttlatad it&m 
ti,iftf,n,0 
* 10^  -
m) 
_L ^ 
%TM ^AA ^ab im 
Amow^im C4T) i  «3ipy«s,si©a C4S) emi# to 
Mki-eii M ani m #®lii.si®ai &?« pFimeipftliy .3p®»p©a8-itel# tow 
•thm vibfAtiomftl. «xeititMoii ®t Jk Siipf«#ii©a |6f) 
is to# ©»» pi«#poaed toy *ai. Ayteiiip Cl.9|^) as appiieatel# 
t© ..iiij:%mi*«s: in whiola. Mi#i' t^snsfrntirmtioas df 1 »@3.e@ml«g ejp» 
ms«4» AJk,-smS,- MM ^€#3,llsi#mB foving a«.ati»#4 x*»»pmsil>i« t&p 
«x#it»iili©a Qf•• A... 
Ala® lis.t»l ia fnfeii S «a?# mlws: of ealtalatti, fr©m 
%rkl«li •f©ll@ir» frcw fill if AA •»»€ AAB ,®o3JLi«i.©»« mm priaei* 
pally 2»«ap#a»i1il» f#r fb« •xfitmti©» ®f A 
fli® applieifctoility ©f ®r C|0) t® pfeyaieal 
sitm&tion m% "hmwA aboiiM |«#§#d %k# ¥%«!.« @f ia* 
@al©ui«.t«4 ®a tii.® eoB* 
e»atifati©a if ©f » ffl®l©eal®a* Qa ttiis i^maia it !«• <»irit«at 
m«it •.aseitatioa ©f i^%r0»t ^xil# vibyafeiaaa toy «©lli»i#a» 
wi^ li#li«» »l«-eml#» is mhmt ®ff®©tiv#ly by IS 
doufel® tollisi©a«» It is ftlaO' apparent .tteat ©xpMsaioa (49) 
'~~p: + 7 (70) t 
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ni%r&§m 
A syst«mtl® ©f tto® r#i« ®f trlpl® eol* 
liaiom ia gaa alxtw®® ala® ©alia f®r tfci# «t«^y of a iia-
towiie. A-typ® ©tl^ f'ia® womlt 'to® sn*«®ti«al top amh 
a atmiy b®tamt« it haa a larg® vi'bmH&ml latat aapaeity at 
taaparatmr##* 
ffe® v»lm #f til® ralaxati^n ti»® ia pmr® iiitir®«» ®jd.4® 
«r 
« 
i f 
•g 
« 
S tf 
p* 
© H 
I 
I 
g 
? 
0' IM 
m 
s 
:p' 
m 
s 
H 
f 
1 
m 
E 
n 
& 
!  I
I ^ 
*1 « 
S f 
§ f 
s t i  I  
3 
3 
I <4 
f 
s 
a s 
g ft 
»* 
« 
f I 
If p>* 
« #• 
•w 
.©  » *  
^ « 
«** _ 
I. r 
i I 
I f 
-  - .  
i t i  
I i g 1 cr .»i 
§ f 
I !  
1 
f 
I ft 
» 
'i* 
& 
» 
»* 
& $ 
1 
«r 
H 
§ 
1 
f 
I 
1 
•p. 
I 
I 
9 
»S 
E 
>» 
m u 
f  
8 r 
m # I* 
*4 
w •• 
5 ^ S M 
H» 
f-
I 
s 
s 
'«•-
m 
I 
3 
3 § 
3 
11 
I i 
&  
f  
f 
*S © 
» 1-^ » 
S 5 f 
& 
O 
• 
I  
1 
f 
I 
*. IZJ * 
^Imsioasi 
I, fh# ©f lfe« irite»%i©a» «f nitromt 9xS.i« 
fey •%» rnh&m %y %yp# M 
mllinlmm-* e#ili8S.©»s MS- aiai ABl flity a® 
0li«#nraW« r©iii« 
tm f&« tommX& pr©'p®««d fey MmM&u •«€ Ayfeiopj 
X = 4_ 
do®i m% '&ppmT %Q A«s®i»ife® €®r3p#@t3.y t&« r«ittlion 
r»%mA%im tils## •*»€ tti© mmm%m%im &t 1 
j» flferfiifidaal ®ii©l.tati©s ia pw« mi-lFoms oxit# g&s 
Is »3£elm;iiir«l|r t® M t©«ibl«' mtliwi&m*-
%»• On 'feiiiia at t» mxi, m fea»is of 
til® §lm»§ mp©wti»4 fey mmA Ayfe*#,, 
©ellisiomf of %fp% M» l@ flay mm inpoi^taat 
«iE#ltatioa umif&li# aoletmiai 
fey mfgom and 
» Itl -
fl* LITMAfUll 
1» A, ami J# S>« I9%t* S^®r»oad« il»-
f«rsi®a im ga##!# fli® iribratioaftl ft©tl*fttl©a mt t&® 
«i#®tftli«^|r4® Pro0®«ding« ®f tfa® i#yftl S©ei®t3r 
@f g®i*l«» A# Iff i 14.99-511* 
B®rg«ftaa, !»•# [t«« IffQ.J IIltrft8@»iei und tfe®lr »el®iitlfie 
mm& t®®liai«ftl ftfflifationii* ff^nslftt®# hf 1, S, Imt* 
fitlt, ^Oktai Wll®|r aai .S©aa, Jn©* 
letfe#,, 1., Stud f®13.«r, I« i9%t, ©eviati®iii fr®« tfe«-mal. 
®i|pillbriw in sboek wmv#».» S®p©r% aii0ife«r s^lll, 
Balliittie i#a®fti»®fa Labor&t^ri##^* Ab®rd®«n Frofia® 0i*oiiiid» 
loftllfti M* If31# Ferfonaan©:® ot fi«i©*@»eill«t®rs and tk® 
. i:aflm®a®« mt %hm d®cr««s®nt ©f <|»ftrt» ©n tH® frttueney 
©®ftillati#ii#* Proeftading® ©f.tli® lastitmt® ®f ladi® 
Siigin®®ri Its 1252-127I* 
lm8«l»iajm« E» F« aM 3^afor« E* lf%l« M® St©»aanrog-iing 
intramolokularer Sehwingongen in Gaa«n xmd teawi®elimg®n* 
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I©»ala®Miriaimg®n mat &ima& ®xalt®r SoMlldiafarsioni* 
a®samiig®ii« i$ita®&rift fttr Phirsikaliaeh® ^®mi®^ 
4bt. !•» 501 
iyar®, 1. !• 19ij.3. ip«®ifit ©f ©ftrb©a tatrafHie^id® 
from itmp®r8©ni@ tt«aamr®m®nt8» «f @&«nJl®al 
fHyiie* 111 ,3^*150* 
€a#t®llan, G, W* loid Imiburti I# *• Ifpl# fb® iat®r«&«ag® 
of trans Ifttidaai and Tibratiaiial ®n®iP^ i» aa aaywietri® 
a©l®cular i>®t®iitiftl fi®ld» #f Clj®*ieftl fhjMim 
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Ettekan, A, and Aybar, S. lfl|§# ©i» it©8aanr«gang intra^ 
«©i®kml«r®r Sohwiag«ng®a, In ia8®a mi §aiimi8<^mng«a* 
¥!•• s^liallft1bi©rption8* wid felaparai^asaaasaagaii m 
CMkg 0®S waA llir®n !lls®temg®m »tt • tesatigasea# 
2®lt«eki»ift f-iir fkf8iteali8«fc® 0l3t»i«i«, kh%» B, i|A.t 195-
211* 
Em©k»n, A. and ©«®k»rt »• i9A.» S%©88a»®gttng intra* 
«ol«kalftr®r Sitoningmgaa ia 0a»®a and @a»ai8ch.iia§®a 
aaf trimd wa .i®&alldi8p»r8i©a8M®88mag«a* IX« Si® 
S«lialldisf»3?8i©a b®i T«rs^ed»n®a f«i^»rfttmr®a ia 
- im • 
§hl®r imd l©b3.#Ml©X3r4 Cr®ia mi% , 
Z®ltschj?S.ffe ftr riiy«lMali8fifb« Ab%# B, tT| 
m-m. 
Jitt.©iE®a, jk» I. If35« Di« intra# 
ttol®i£m|.ai»®f> Sebiiiiigu»g®m. Im- iftiam md mvdt 
Grmai ir©a SebalMistftrtioafafta.fiiagtta.# Ill* Hesatmgam 
&n Stlekaicydml# 2®itsebi»ifl Tiir Fkyaitoliaeh® Chmimt 
Abt. 1*, 
Ett©k®a# A, and I,,. If Zmp I'l-ag® i«ir St©»B.a»®g«ng 
i»%ri»©l®'te3.ar®-r Sehwiiigttag®a# f&ytiicftliseb® icitseMrift 
Iff 831*015* 
Ea©lc®a, A, anl imasiip B» lf37» W® Stosaaiuptgaytig iatpa-
itol®kular®r 3ebwiiigmg®{i ia Sft®®ii wii (kaiRlaeiiimgAn* 
If, SelialMioparaidBi- mi Afe8®i»fti0a»®aS'iaiig®tt am I«0 
mad 1&®t 1a©k®a f«^»ratmr®B» ^sittehFift fiir Pliyfi-
kaliaei® Ofetaai®, Abt. B, 3&t lS3»li|. 
Friek®, E# F# Ifl^©. fh® absorptioa of somad in fiv® tria* 
tofflle g&aes. Journal ©f tk® A©om®%ieal S®ei«ty of 
A»«riea 121 gl|.5-25i^» 
aiassfeoa®, S« 19ii.§» f%x%»homU of plkysical cli®iiiiati»y» Pir«ti 
edition* W» f&a lostraad G&w^wiMf, Imn 
&laaatoa®» 3* lf%t* tor eli®»iat8* !>• fan 
Mo»%r«ad •Q'&mpmw^g twm* 
®riffi%^ ¥• If^# ¥ife3patioaal i»®la*atl@a ti«®8 i® ga®®®. 
Jowpnal of Applied ay®i©» tl.i 1^.9«1325« 
l\ito«r, f. M. a»d E&atrowits, A«, lfi|.?«. l®at»capa@ity lag 
tt«a8mr®ii®at» ia Tariou® gaa®®* iistw^ml mt Cba^eal 
fl3ky®i©i 15i 
Bt X* M» aad Iiak8liiad)3«irayaiumj» lflt.6.* SmpeFaoaie 
velotity i« ®ft8«» aai vapors# XI* Disp®r8ioa ia CEOg, 
0S®, %0 aad a«®feald«liyt®». Jownal of tii® ladiaa 
laatitMt® ©f S®i®a©® f I -l^lffc 
lantfowitf. A* lf%i. lag ia ga® dyaaaieii 
Jomraal ©f CSiaaieai fhyaie® ll|.i 150-16I|,4 
Kitt®l, €• Mtrmmim wmmmm&h aad th® pr©p©i?tl«» 
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a* 0» aad lamia#®, f« 0# If3^# Bl« llas%®J..Mfta»r 
i#!" S#biiiagaag»«a«'rfi« ia t&merst#ff ^yeiS ihi*« 
fltttiaag tafeh laa&l«a 4«ap S®ri«# 
III 
f. ©• aai fyiek#, 1« fli« abaorptioa of 
tomM ia 0Of,0 la iS|t @'®a%aiaiag aS4«i 
#®iraal @f %&# A€@*wili#al Sneitty 
AKsrieii lit 
hm Ui# Sfe©#«anreguag 
Sebniagmgea ia iaaaa mad Oasiaischmag«a* ^ f« 
iisfarsioaaMOssmgea aa OOo* COp •» % aiid^ *• 1* 
*ifi»A«a t#® wi 5oooG« 2®itsc5rift FkyfiiEa3.ii€fe« 
QhmS.%g A¥fe., g, i|it 
hmmS&mt h* • aad f ©litri 1,. ' Iw taa©3Pi« t®r Selrnil* . 
4iip®rai®a# ffafsipaliaeli®, iait««sslM?lft i«r SonJ«tiiaioa 
101 A*%3* 
OiiaaltFf, 0-« oai Fpeal, 4, 1« lf3T# lelt-Mlaip ti?aa«lati®a, 
i»otati@a» aaA irifeipatioa ia ©haaisal ae^itafeioa, ©&««• 
ieal »«iri«w» 2©i 
?l#l®»(il«rt 1, 19i4.S« Smf»f«#ai® »®a#w<w®ats ia OC>g at 
0® t# l#0®e, Jottimfil tM® 4®0asti©al Soeiati- &f 
Mmmim. l$i t2«26, 
liehtaip4.f| M« f» If34, Aeematieal staSi#», ¥, fto# eelliaioa 
«dffiei#a©i«a ©f liatttarim aat hydrogaa ia ©xeitiag tb« 
lowar 9%u%m &£ athyleae. fouraal of 
C^«mi©al ^Rteysi©# l|.| 
liehaarASji W» f, Ifjf. Saf®i*f«ie pli»a©iMim, i«vi«if». of 
•Modem fhy»lm lit |6*6%» 
lo«®iag, f* ©• If$2. Aa ©«eillat@,f» for a#oa«tii® iat®if» 
feiNMstry, topublisbed M* ffe»si»# Aata^ lowai, 
Iowa Sta%# ig@ll®g® Mferasry# 
teifair# P» aad fialesai®!-, !•• Ifl0# Aa iii^i*ov®d appa-
^ataa fo-r ampsraeaie v®li»©ity aad al>a«J^feioa «®aamr»» 
manta. X®iri®if ef Sei®a%i£i® lit 12t»126* 
faa Itt#3fb®®kt A,,- B® J^pi^a, F» aad Mariaaat f. If3f» 
Meaaaipaaealia^ ©a tk« «fea@*»pti©a @f aoaad ia gaa, ia 
e©2 «®atai^ij^ awall ^luaatiii®* ®f %# ^2# IgOt aa4 
als© ia aixtur®# OOg aad C#lIiaioa ®ffi©i»aei««. 
Pkyaiea $t $ll«5lS., 
f&n A, m4. f» if Jl# ©a 
mhmrptlon ®f B'&wad. Is emith&n €imi49 gm» Wm** 
of til# rslmsnti®® %$M0 fm 
#»«!»» «g « fi3»e.|-io» 9f til® is®iip©i»«LimFt* fhjmtm 
$$ 
flg©w«iix, P. litpaioai### ^©iiii. Mil®!- .fiini &ai,p^ Iae» 
Walksri, »# A« . 1,9^3.• in feb« ©f fftlaxatiea 
tia® mmmmments im gm 3onrml. of Oh#niii*|. 
mf»lm mi 
Mmlkw, 1» A* ioir«»fe©r i9Sl,i Btat e&faeitf lug ia §&««»« 
lafcioa&i CoB»»l.t%®# iQw A®y®i»«ifeie®, 
nofe® t53Tf Wartiiliigtorn, ©,» 0# 
Tloo€#'l* 1* 3.93f# Smp®ra©»ics, fek® s®l«ii«® ®f la»*Jdlfel® 
«©md* iTOTfB fcivereitf Pre#®* 
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fll# 
fb» antliw iiisl!.«s #3ip»is ila««3r« $hsmks t& .Or, S-a» 
jL#gir©li f0T Mw th^ngbttal €wpixig III® ii©Wf« of tWls 
inTiisligfttiom* .in^ai3lE« mr0 4m Mr* Fmd t&r &Mswmiw^ 
& l&rgo aMr& ©f tht« »»p#msi'biltt3r for tAlcimg %!,« md 
t& Mr. fhoaiit festiag for li#lf 1» tk« ©rygfeai ©#oll»' 
Ifttor# ©1® umlfeor !• gr*t®fa3. to loto Clr»«a ©f t&© Col-
X«g« InatrmtBt Sfeop for M» ®3te®ll®at worlaaamslilp on tn® 
aoomsti.® lBfe®rf®r®ii#ti®r. to ©oaa'J. f» ©• Satttt mM Br« 
@®org® foiim of tb« Iowa, lofimeoriiii. ^poriaoat Station 
ar® tu® for «®owi»g. aad a^at8t«rt®g t&« eoatratt iimlor 
liii^ tli.is worlc was io@®'« fin&iXT'* tn® amtlior wish®® to 
thaak tJa.® Mmti&ml Aiviaosy ^oiwRitt®® for' 4®r©wimtie»i 
wh0a» sfoxuioriMp aiii fiiiB^eial aatlitamo® imw» .aiai® tiiit 
work pQasihlm* 
Title; Fepptmagnetle-'AntifegFeaaagaaatic ftiasa ipansitiona 
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